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COMPOSITIONS AND METHODS OF THERAPY 

The present invention relates to therapeutic compositions, methods and „, 
in particular it relates to methods for inducing tolerance to an antigen in a 
5 patient. 

An organism's immunity to an antigen arises as a consequence of a fct 
encounter with the antigen and the subsequent production of immunoglobulin 
molecules, for example, antibodies, capable of selectively binding that 
io antigen. In addition, the immune response is controlled by T cells which may 
be antigen specific. Immunity allows the rapid recruitment, usually by 
stimulating an inflammatory response, of cells which can dispose of the 
foreign antigen. Under certain circumstances, the immune system does not 
produce an immune response against antigens due to a mechanism called 
is "tolerance". For example, an immune system can normally discriminate 
against foreign antigens and constituents of the organism itself, due to a 
mechanism whereby all B lymphocytes which could potentially produce 
antibodies to constituents of the organism itself ("self antigens") are destroyed 
during development, thereby removing the organism's capacity to produce 
20 antibodies directed to a self antigen. 

Tolerance is probably an active process. This means that peripheral tolerance 
is gained where an antigen is presented to a T cell in a particular tolerising 
environment, eg high interleukiu-10 (H.-10) levels. The T cells then circulate 
25 and when they meet that specific antigen again they do not mount an Irnmune 
response (anergic T cells) or they mount a quelling response (regulatory T 
cells). A role for regulatory T cells has been proposed in tolerance. The 
regulatory T cells are programmed by the environment of the antigen 
presenting cell to react to their cognate antigen by releasing "down- 
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regulatory** cytokines. The first such regulatory cells described were induced 
by IL-10 (Groux et al 9 1997, Nature 389:737-742). 

Where tolerance breaks down, the organism may produce a cellular immune 
response (including cytotoxic T cells) to normal constituents of the or ganism, 
producing an "autoimmune disease". Examples of autoimmune diseases 
include rheumatoid arthritis (RA)> multiple sclerosis (MS) and systemic lupus 
erythematosus (SLE). 

In some circumstances* even the normal response of the immune system to a 
foreign antigen can produce undesirable results, such as in the case of tissue or 
organ grafts or transplants, where the immune system of the tissue .or organ 

recipient recognises the tissue or organ graft or transplant as foreign and acts 

to reject it. 

One of the drawbacks of existing methods of treating immune or inflammatory 
conditions or diseases is the limited range of options and their therapeutic 
inadequacy. For example, glucocorticosteroids used for treating inflammatory 
respiratory disease have tone effects in many patients, and alternatives such as 
cyclosporin A or interferon y are high-risk, expensive and generally 
unsatisfactory. 

Unexpectedly, the inventor has found that there is a marked stimulation of IL- 
10 in cells of the immune system when a prostaglandin and granulocyte- 
macrophage colony stimulating factor (GMCSF) are used in combination. 
Furthermore, the inventor has found that there is a synergistic effect between a 
prostaglandin and GMCSF on the release of IL-10 from cells of the immune 
system; in the presence of GMCSF the stimulation of IL-10 by both 
prostaglandin E (PGE) and I9-hydroxy PGE was increased strikingly, 
resulting in a tolerising environment. Not only is the cell directed to a pro- 
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tolerance phenotype but this is also accompanied by enhanced production of 
granulysm, an anti-microbial agent In addition, the effects of PGE and 
GMCSF are prolonged and continue after the removal of these agents thus the 
cell i$ selectively differentiated. 

5 

GMCSF has an important role in granulocyte and macrophage lineage 
maturation. GMCSF has been proposed as both a treatment agent and a target 
for treatment. Recombinant human GMCSF has been used to treat some 
cancers and to promote haematopoietic ^constitution following bone marrow 
10 transplantation (Leukine® Package Insert Approved Text, February I99S, and 
Buchsel et al 9 (2002) Clin. X Oncol Nurs. 6(4): 198-205). By contrast, other 
recent reports describe GMCSF as being a potential toilet for treatment of 
inflammatory and immune diseases (Hamilton, (2002) Trends Immunol 23 
(8):403-8) and asthma (Ritz et al 9 (2002) Trends Immunol 23 (8):396-402)* 

15 

In diseases resulting from an aberrant or undesired immune response there is 
often a deficiency in IL-10. This deficiency in 1L-10 may be detrimental to 
the development of useful T helper cells, particularly type-2 T helper cells; a 
preponderance of type 1 T helper cells over type 2 T helper cells is thought to 
20 be characteristic of autoimmune disease. Thus, stimulation of BLr-10 
production is believed to induce a tolcrismg environment for T cell activation. 
In addition, a high IL-10 environment will act on an antigen presenting cell 
(typically a dendritic cell) to ensure regulatory T cell formation, creating a 
regulatory T cell that is specific for the antigen presented. 

25 

The inventor now proposes inducing tolerance to an antigen in a patient by the 
use of GMCSF in combination with a prostaglandin or an agonist thereof to 
induce a tolerising environment in the patient. Thus the inventor proposes that 
this combination induces tolerance of, or tolerance to, an antigen in a patient. 
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Without being bound by theory, the inventor believes that a combination of 
GMCSF and a prostaglandin or an agonist thereof will also decrease IL-12 
levels., which would be expected to enhance the effects of the invention. The 
inventor has shown that the combination of a prostaglandin and GMCSF 
increases the expression of both IL-10 and COX-2. The decrease in IL-12 
levels may therefore arise through the direct inhibition of IL-12 by IL-10 
(Harizi et aL 0 2002) or through an IL-10 independent pathway that depends on 
COX-2 mductioniSchwacha et ah 9 2002). 

The combination of a GMCSF and a prostaglandin or an agonist thereof is also 
considered by the inventor to achieve the desirable effect of reducing the 
amount of prostaglandin or agonist or GMCSF required to achieve a useful 
degree of therapeutic benefit, hence reducing the side effects of administration 
of the prostaglandin or agonist thereof or the GMCSF. 

As far as the inventor is aware, there has never been any suggestion that a 
combination of a prostaglandin or an agonist thereof and GMCSF could be 
used to stimulate IL-10 production, and there has been no suggestion of a 
treatment using this combination to stimulate IL-10. Furthermore, there has 
never been any suggestion that this combination could be used to induce a 
tolerising environment for T cell activation, or to induce tolerance to an 
antigen in a patient. Moreover, there has been no mention of an antimicrobial 
effect accompanying tolerance induction or indeed of an antimicrobial effect 
from monocytes in any application. 

The inventor further proposes inducing tolerance to a specific antigen in a 
patient by the use of a prostaglandin or agonist thereof in combination with 
GMCSF and the specific antigen to which it is desired to induce tolerance, or a 
derivative thereof. 



30 
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As far as the inventor is aware, there has never been any suggestion that 
administering a prostaglandin or agonist thereof, an antigen or derivative 
thereof and GMCSF to a patient could be Used to induce tolerance to that 
antigen in the patient 

5 

The inventor has also shown that PGE and GMCSF reduce levels of 
participants in antigen presentation such as class II transactivator (CETA) and 
MHC class H (as shown in Example 1). This change in phenotype is 
accompanied by enhanced expression of granulysin which has antimicrobial, 
10 including antiviral, properties (Krensky 2000) and is normally thought of as a 
product of activated T cells that mediates antiviral activity that lyses infected 
cells (Hata et al 2001; Ochoa et <d, 2001; Smylh et aL 2001). The increased 
expression of granulysin is believed to be an important consequence of the 
present invention, as the increase in innate defence molecules may compensate 
for the compromise of the adaptive immune system that accompanies 
tolerance induction. 



In addition, the inventor has shown that a combination of PGE and GMCSF 
increases the expression of COX-2, CD86. CD14. COX-2 is believed to be 
20 involved in maintaining the tolerant phenotype after removal of the 
prostaglandin and GMCSF (as is shown in Examples 2 and 3), and both CDI4 
and CD86 are differentiation markers and are evidence of a more 
differentiated state. 



25 A first aspect of the invention provides a composition comprising a 
prostaglandin or an agonist thereof and GMCSF or a derivative thereof. 

It is preferred for this and all other aspects of the invention that the 
prostaglandin 'or agonist thereof stimulates cAMP production in a monocyte. 

30 
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Hie prostaglandin or agonist thereof may be any suitable prostaglandin or 
agonist thereof that stimulates cAMP production in a monocyte, and which in 
the presence of GMCSF causes monocytes to express IL-10. Prostaglandins 
or agonists thereof that are suitable for use in the present invention may 
readily be determined by a person of skill in the art. Methods for assessing 
cAMP production in monocytes may be found in Burzyn et al, (2000) and in 
Example 3, and methods for detecting IL-10 expression in and release from 
monocytes include those in Examples 1 and 3. 



10 By "prostaglandin or agonist" we mean any compound -which acts as a 
prostaglandin agonist on a prostaglandin receptor. The prostaglandin agonist 
may be, but need not be, a prostanoid. Typically, the prostaglandin or agonist 
is one which binds the EP2 or EP4 receptor. The prostaglandin may be a 
PGE, a PGD or a PGI, or an agonist thereof Preferably, the prostaglandin is a 

is PGE or an agonist thereof. It is appreciated that PGI may be too unstable to 
be useful as a pharmacological agent, however PGI 2 and stable analogues of 
PGI may be suitable. Preferably, the prostaglandin is not a PGP or an agonist 
thereof 

20 It is preferred that the prostaglandin or agonist thereof is PGE 2 or a synthetic 
analogue thereof. Synthetic analogues include those modified at position 15 
or 16 by the addition of a methyl group or those where the hydroxy! has been 
transposed from position 15 to position 16. Preferred examples of analogues 
of prostaglandin include Butaprost (an EP2 receptor agonist) and 11-deoxy 

25 PGE1 (an EP4 receptor agonist) and 19-hydroxy PGE. For the avoidance of 
doubt, the term "prostaglandin" includes naturally-occurring prostaglandins as 
well as synthetic prostaglandin analogues. 

Suitable prostaglandins or agonists thereof include dinoprostone (sold as 
30 Propess by Ferring in Europe and Forest in the USA; sold as Prostin E2 by 
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Pharmacia), gemeprost (sold by Farillon), misoprostol (which is sold as 
Cytotec by Searle and Pharmacia), alprostadil (which is sold as Caverject by 
Pharmacia and Vfridal by Schwarz and MUSE by AstraZeneca) and Kmaprost 

Misoprostol is a PGE analogue which has EP2 and EP3 agonist effects, its 

chemical structure is (±) methyl Ho, 1 6-dihydroxy^l e-meihyl-g-oxoprost- 13^ 
enoate. 



An example of a non-prostanoid compound which acts as a prostaglandin 
agonist is AH23848, an EP4 receptor agonist 

EP2 agonists which may be useful in the practise of the invention include 
AHI320S. 



Suitable prostaglandins also include 19-hydroxy PGE1 and 19-hydroxy PGE2. 
Prostaglandin E agonists' are described in EP 1 097 922 and EP 1 114 816, 
incorporated herein by reference. 



Suitable prostaglandins or agonists thereof may also include any of the 19- 
hydroxy prostaglandin analogues described in US Patent No. 4,127,612, 
incorporated herein by reference. 

It is preferred that the prostaglandin is prostaglandin E 2 (PGEj) or 19-hydroxy 
PGE. Prostaglandins and agonists thereof, including PGE* are commercially 
available, for example from Pharmacia and Upjohn as Prostin E2. 

By "GMCSF" we include me gene product of the human GMCSF gene and 
naturally occurring variants thereof! The nucleotide and the amino acid 
sequence of human GMCSF is found in Genbank Accession No. NMJJ00758, 
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and in Figure 1. Some naturally occurring variants of GMCSF are also listed 
in NM_000758. GMCSF is also known as colony stimulating factor 2 (CSF2). 

The invention includes the use of derivatives of GMCSF that retain the 
5 biological activity of wild-type GMCSF, ie that stimulate the production of 
granulocytes and macrophages from their progenitor cells, and which in the 
presence of prostaglandin E cause monocytes to express IL-10. 

By "derivative" of GMCSF we include & fragment, fusion or modification or 
10 analogue thereof, or a fusion or modification of a fragment thereof. 

By "fragment** of GMCSF we mean any portion of the glycoprotein thai 
stimulates the production of granulocytes and macrophages from their 
progenitor cells and which in the presence of prostaglandin E causes 
15 monocytes to express IL-10. Typically, the fragment has at least 30% of the 
activity of full length GMCSF, It is more preferred if the fragment has at least 
50%, preferably at least 70% and more preferably at least 90% of the activity 
of full length GMCSF. Most preferably, the fragment has 100% or more of 
the activity of fbll length GMCSF. 



The derivatives may be made using protein chemistry techniques for example 
using partial proteolysis (either exolytically or endtfyticaDy), or by da novo 
synthesis. Alternatively, the derivatives may be made by recombinant DNA 
technology. Suitable techniques for cloning, manipulation, modification and 
25 expression of nucleic acids, and purification of expressed proteins, are well 
known in the art and are described for example in Sambrook et at (2001) 
"Molecular Cloning, a Laboratory Manual"* 3 rd edition, Sambrook et al 
(eds), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, USA, 
incorporated herein by reference. 



20 
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The invention also includes modifications of full length GMCSF, or a 
fragment thereof that stimulate the production of granulocytes and 
macrophages from their progenitor cells and which in the presence of 
prostaglandin E cause monocytes to express IL-10. 

s 

Such modifications include deglycosylating the glycoprotein either fully or 
partially. Other modifications include full length GMCSF, or a fragment 
thereof, having a different glycosylate pattern from mat found in naturally 
occurring human GMCSF. 

10 

Other modifications of full length GMCSF, or a fragment thereof, include 
amino acid insertions, deletions and substitutions, either conservative or non- 
conservative, at one or more positions. Such modifications may be called 
analogues of GMCSF. By "conservative substitutions" is intended 
15 combinations such as Gly, Ala; Val, He, Leu; Asp, GIu; Asn, Gin; Set, Tnr, Lys, 
Arg; and Phe, Tyr. Such modifications may be made using the methods of 
protein engineering and site-directed mutagenesis, as described in Sambrook et 
al 2001, supra. Preferably, the modified GMCSF or modified GMCSF 
fragment retains at least 30% of the activity of full length GMCSF. It is more 
20 preferred if the modified GMCSF or GMCSF derivative has at least 50%, 
preferably at least 70% and more preferably at least 90% of the activity of full 
length GMCSF. Most preferably, the modified GMCSF or modified GMCSF 
fragment has 100% or more of fhe activity of full length. GMCSF. 

25 Tbe invention also includes a fusion of full length GMCSF, or a fragment 
thereof, to another compound. Preferably, the fusion retains at least 30% of 
the activity of full length GMCSF. It is more preferred if tie fusion has at 
least 50%, preferably at least 70% and more preferably at least 90% of the 
activity of full length GMCSF. Most preferably, me fusion has 100% or more 

30 of the activity of full length GMCSF. 
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GMCSF and analogues thereof are described in the following publications, 
each of which are incorporated herein by reference: US Patent No. 5*229,496 
(Deeley et al); US Patent No. 5,391,485 (Deeley et al); US Patent No. 

5 5,393,870 {Deeley et oL); US Patent No. 5,602,007 (Dunn et al); Wong et al, 
"Human GM-CSF: molecular cloning of the complementary DNA and 
purification of the natural and recombinant proteins 3 *, Science 228 (4701), 
810-815 (1985); Lee et al, 'Isolation of cDNA for a human granulocyte- 
macrophage colony-stimulating factor by functional expression in mammalian 

iq cells", Proa Natl Acad. Set U.S-A. 82 (13), 4360-4364 (1985); Canted! et al, 
"Cloning, sequence, and expression of a human granulocyte/macrophage 
colony-stimulating factor", Proc. Natl Acad. Set U.S^L 82 (18), 6250-6254 
(1985); and Miyatake et al 9 "Structure of the chromosomal gene for 
granulocyte-macrophage colony stimulating facton comparison of the mouse 

15 and human genes*, EMBO J. 4 (10), 2561-2568 (1985). 

While it is preferred that GMCSF is human GMCSF as defined above, by 
GMCSF we also include GMCSF from other species. However, it is 
appreciated that for applications in which GMCSF is administered to a subject, 
20 the GMCSF is preferably from the same species as the subject Thus if the 
GMCSF is to be administered to a human subject; the GMCSF is preferably 
human GMCSF. 

Suitable GMCSF for the practice of this invention can be obtained from 
25 Peprotech EC Ltd., 29 Margravine Road, London, W6 8LL, catalogue number 
300-03. 

A preferred GMCSF for the practice of this invention is sargramostim, the 
proper name for yeast-derived recombinant human GMCSF, sold under the 
30 trade name Leukine® produced by Im munex, Inc. Leukine® is a recombinant 
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human GMCSF produced in a A eerevisiae expression system. Leukine® is a 

glycoprotein of 127 amino acids characterised by 3 primary molecular species 

having molecular masses of 19,500, 16,800 and 15,500 Daltans. The amino 

acid sequence of Leukine® differs from natural human GMCSF by a 

substitution of leucine at position 23, and the carbohydrate moiety may be 

different from the native protein. Leukine® is suitable for subcutaneous or 

intravenous administration (Leukine® Package Insert Approved Text, February 
1998). 



10 UnJess the context indicates otherwise, wherever the term "GMCSF" is used, 
derivative as herein defined is included. 



In a preferred embodiment, the composition is a pharmaceutical composition 
comprising a prostaglandin and GMCSF and a phatmaceutically acceptable 
is carrier, diluent or excipient (including combinations thereof). 

The carrier, diluent or excipient must be "acceptable" in the sense of being 
compatible with the composition of the invention and not deleterious to the 
recipients thereof Typically, the carriers will be water or saline which will be 
20 sterile and pyrogen free. 



Acceptable carriers or diluents for therapeutic use are well known in the 
pharmaceutical art, and are described, for example, in Remington's 
Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit 1985). 
The choice of pharmaceutical carrier, excipient or diluent can be selected with 
regard to the intended route of administration and standard pharmaceutical 
practice. The pharmaceutical compositions may comprise as, or in addition to, 
the carrier, excipient or diluent any suitable bindsr(s), lubricants), suspending 
agentCs), coating agent(s), or solubihsing agenujs). 
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Preservatives, stabilizers, dyes and even flavoring agents may be provided in 
the pharmaceutical composition. Examples of preservatives include sodium 
benzoate, sorbic acid and esters of p-hytiroxybcnzoic acid. Antioxidants and 
5 suspending agents may be also used. 

In an embodiment, the composition further comprises an antigen to which ft is 
desired to induce tolerance in a subject, or a derivative thereof. Details of 
preferred antigens for use in the practice of the present invention are provided 

io below. Thus, the invention includes a composition comprising a prostaglandin 
or an agonist thereof; GMCSF or a derivative thereof and an antigen to which 
it is desired to induce tolerance, or a derivative thereof. The invention also 
includes a pharmaceutical composition comprising a prostaglandin or an 
agonist -thereof, GMCSF or a derivative thereof; and an antigen to which it is 

IS desired to induce tolerance, or a derivative thereof, and a pharmaceutically 
acceptable carrier* diluent or excipient (including combinations thereof). 

It is appreciated that to induce tolerance to an antigen, a derivative of the 
antigen may be administered to the patient, and not the antigen itself. By 
20 "derivative" of an antigen we include any portion of the antigen which can be 
presented by a class I or a class II MHC molecule fear example on an antigen 
presenting cell (APC), and which induces tolerance to the antigen itself. 
Typically the derivative of the antigen is also recognised by a T cell when 
presented, for example viaaT cell receptor. 

25 

When the antigen is a protein, a derivative of the antigen is typically a peptide 
fragment of the antigen consisting of a contiguous sequence of amino acids of 
the antigen capable of MHC binding. Preferably, the fragment is between 6 
and 100 amino acids in length. More preferably, the fragment is between 6 
30 and 50 amino acids in length. Most preferably, the fragment is six, or seven, 
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or eight, or nine, or tea, or eleven, or twelve, or thirteen, or fourteen, or 
fifteen, or sixteen, or seventeen, or eighteen, or nineteen, or twenty, or twenty- 
one, or twenty-two, or twenty-three, or twenty-four or twenty-live amino acids 
in length. 

5 

A derivative of the antigen may include a fusion of the antigen, or a fusion of 
a fragment of the antigen, to another conqpound, and which can be recognised 
by either a class I or a class II MHC molecule when presented, and which 
induces tolerance to the antigen itself. Topically, the fusion is one which can 
10 be processed by an APC so as to present a portion which is able to induce 
tolerance to die antigen itself. 

Unless the context indicates otherwise, wherever the term "antigen" is used in 
the context of an antigen, a derivative as herein defined is included. 

15 

Without being bound by theory, the inventor believes that the prostaglandin 
and GMCSF induce tolerance to an antigen by synergistic ally stimulating IL- 
10 production in, and secretion Jrom, monocytes. The effect of the invention 
may be further increased by using a chemotactic agent that induces monocytes 
20 into the tissue to which the prostaglandin and GMCSF and, optionally the 
antigen, are administered, and the newly arrived monocytes are then directed 
into the tolerant phenotype. 

Thus in an embodiment, the composition may further comprise a monocyte- 
25 attracting chemotactic agent. Suitable chemotactic agents for the practice of 
this invention include MEP-loc and MCP-1, which can be obtained from 
Peprotech EC Ltd., 29 Margravine Road, London, W6 8LL, catalogue number 
300-04. Other suitable chemotactic agents are described in US Patent No. 
5,908,829 to Kelly, incorporated herein by reference. 

30 
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The inventor further believes that it may be beneficial to include a 
phoi*hr J diesteras e (PDE)in^^ The principal receptors 

for prostaglandin E2 (PGE2) are the EP2 and EP4 sub-types; however, other 
receptor sub-types exist (namely EP1 and EP3). EP2 and EP4 receptors 
s couple with adenylcyclase and use elevated cAMP as the messenger system. 
The levels of cAMP in tissue are governed both by its synthesis and by its 
catabolism by FDEs which can be blocked by specific PDE inhibitors. Thus, 
the inventor believes that the effect of a prostaglandin or agonist thereof (such 
as PGE) acting on its EP2 and EP4 receptors is to stimulate cAMP, and the 
10 addition of the PDE inhibitor provides a synergistic action on monocytes and 
macrophages resulting in a reduction in the immune and/or inflammatory 
response which is greater than the effect of the sum of the same amount of the 
prostaglandin or agonist thereof and GMCSF, or PDE inhibitor administered 
alone. 



Moreover, the inventor has previously found that the combination of a 
prostaglandin and a PDE inhibitor markedly stimulate IL-10 and inhibit IL-12 
expression in, and secretion from, cells of the immune system, resulting in a 
tolerising environment. 

Thus in an embodiment, the composition may further comprise a PDE 
inhibitor. 



The PDE inhibitor may be any suitable PDE inhibitor. Preferably, the PDE 
25 inhibitor is one which inhibits a PDE which is active in cAMP breakdown. 
The PDEs which are known to be active in cAMP breakdown are those of the 
types IV, Vfl and VIH. Preferably, the PDE inhibitors are selective for type 

rv or vn or vm. 
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Most preferably, the PDE inhibitors are selective for type IV PDE. By 
"selective" we mean that the inhibitor inhibits me particular type of PDE 
inhibitor for which it is selective, more potently than another type. Preferably, 
the type IV selective inhibitor is at least 2 times more potent an inhibitor of 
type IV PDE than another PDE type. More preferably, the type IV selective 
inhibitor is at least 5 times, 10 times, 20 times, 30, times 40 times, 50 times, 
100 times, 200 times, 500 times or 1000 times more potent an inhibitor of type 
IV PDE than another PDE type. 



io Typically, the selective inhibitor is around 5 to 50 times more potent an 
inhibitor of the selected PDE type than another PDE type. Typically, the 
selective inhibitor is 5 to 50 times more potent an inhibitor of the selected 
PDE type than an inhibitor that is considered to be non-selective such as 
theophylline. Thus, theophylline is 30 times less effective than rolipram. 

15 

Preferably, selective inhibition is determined by a comparison of IC 5 o levels 
(Dousa (1999) ISaney International 55: 29-62). 

Non-specific PDE inhibitors include caffeine, theophylline, 3-isobutyl-l- 
20 methylxanthine (IBMX) and pentoxifylline (3,7-dlhydro-3,7-dime1hyI-l-(5- 
oxohexyl)-lH-purine-2,6-diotteX although caffeine is not as active as the 
others and so is less preferred. The IC 30 value for IBMX is 2-50 uM. 

US patent No. 6,127,378, incorporated herein by reference, discloses 
25 phenanthridines substituted in the 6 position that are described as selective 
PDE inhibitors (mainly of type IV), that may be suitable for use in the 
methods of the invention. 



Specific (or selective) type IV PDE inhibitors include rolipram <4-[3- 
30 cyclopentyloxy-4-methoxyphenyl]-2-pyrroIidinone) and Ro-20-1724 (4-[3- 
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butoxy^-methoxybenzylj-a-imidazolidinotie). The IC S <> for rolipram is 
800nM, and the IC S0 for Ro-20-1724 is 2 uM. 

Another suitable PDE type IV selective inhibitor is denbufylline (1,3-di-n- 
5 tmty]-7-(2-oxopropyI>.xantbJne). 

CP 80 633 (Hanifin et al (1996) J. Invest Dermatol 107, 51-56), CP 102 995 
and CP 76 593 are also all potent type IV inhibitors (available from Central 
Research Division, Pfizer Ihc, Groton, CT). 

10 

Other high affinity type IV selective PDE inhibitors include CPD 840, RP 
73401, and RS 33793 (Dousa, 1999). The high affinity type IV selective PDE 
inhibitors have a Kj of approximately 1 nM while the lower affinity inhibitors 
have aKj of about 1 pM. 

IS 

Hie disclosures in Dousa (1999); Miiller et al (1996, Trends Pharmacol. Set 
17: 294-298); Palfreyman & Souness (1996, Prog Med Chem 33: 1-52); 
Stafford & Feldman (1996, Annual Reports in Medicinal Chemistry (vol 31) 
PP 71-80; Ed. Bristol, Academic Press, NY, USA); and Teixeira et al (1997, 
20 Trends Pharmacol. Set 18: 164-171) relating to type IV PDE selective 
inhibitors are incorporated herein by reference. 

Typically, when a type IV PDE-selective inhibitor is administered orally, 
around 1 to 30 mg is used. Thus, a typical oral dose of rolipram or 
25 denbufylline is 1 mg or 5 mg or 10 mg or 30 mg. When a non-selective PDE 
inhibitor is used, such as theophylline, and it is administered orally, the dose is 
between 5 and 50 mg, such as 5 or 10 or 20 or 30 or 40 or 50 mg. 
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A second aspect of the invention provides a method of inducing tolerance to 
an antigen in a patient, the method comprising administering to the patient a 
prostaglandin or agonist thereof and GMCSF or a derivative thereof. 

By inducing tolerance to an antigen we include me meaning mat the immune 
system of the patient may become tolerant of an antigen where it was 
intolerant before, or the immune system may mount a reduced response or no 
response at all (ie 3 an undetectable response) to the antigen. 

The invention also provides a method of inducing tolerance to an antigen in a 
patient, the method comprising administering to the patient a prostaglandin or 
agonist thereof; GMCSF or a derivative thereof, and the antigen or derivative 
thereof. 

The antigen or derivative thereof administered is typically the antigen to 
which it is desired to induce tolerance or a derivative thereof. 

The prostaglandin or agonist thereof, GMCSF or derivative tiiereof, and the 
antigen or derivative thereof, are preferably as described above with respect to 
the first aspect of the invention. 

The invention thus includes a method of inducing tolerance to an antigen in a 
patient comprising adinioistering to the patient a composition as defined in the 
first aspect of the invention. 

The method may further comprise administering a monocyte chemotactic 
agent, such as one described above. 



The method may further comprise administering a PDE inhibitor, such as one 
30 described above. 
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The invention includes suppressing the immune system or an inflammatory 
response in a patient By "suppressing" we include the meaning that the 
immune system or the inflammatory response is altered such mat, in the case 
of an inflammatory response, a reduced inflammatory response to a stimulus is 
obtained, or an inflammatory response is avoided to the extent that a response 
is undetectable. 

Accordingly, the invention includes inducing tolerance to an antigen in a 
patient to treat an aberrant or undesired immune or inflammatory response in 
the patient. This may be particularly useful in the treatment of diseases or 
conditions where there is an undesirable inflammatory response or immune 
response. The invention therefore includes a method of suppressing an 
immune response or an mflammatory response in a patient, the method 
is comprising administering to the patient a prostaglandin ox agonist thereof and 
GMCSF. The invention further includes a method of suppressing an immune 
response or an inflammatory response in a patient comprising administering to 
the patient a prostaglandin or agonist thereof, GMCSF, and an antigen to 
which it is desired to induce tolerance or a derivative thereof. 

20 

By "aberrant or undesired immune or mflammatory response" we include 
diseases or conditions which cause the presence of visible or measurable 
inflammation within a tissue in an individual or patient For example, the 
tissue that forms part of an allograft or the tissues of a host having received an 
25 allograft, or the central nervous system of an individual with MS, or insulins 
in a patient with type 1 diabetes, or swollen joints in a patient with rheumatoid 
arthritis. 
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The invention includes a method of inducing tolerance to an antigen in a 
patient thereby suppressing an aberrant or undesired immune or inflammatory 
response in me patient, such as a response related to transplant rejection. 

5 Therefore, in one embodiment, the invention includes the treatment of a 
disease or condition associated with transplant rejection such as graft versus 
host disease or host versus graft disease, for example in organ or skin 
transplants. In these cases, an inhibition or dampening of an immune or 
inflammatory response may be required. Thus, the invention includes the 
10 combating of transplant rejection. 



The invention includes a method of combating transplant rejection, or a 
disease or condition associated with transplant rejection, in a patient, the 
method comprising adrmnistering to the patient a prostaglandin or agonist 
15 thereof, GMCSF, and optionally an antigen to which it is desired to induce 
tolerance or a derivative thereof 



If the disease or condition associated with transplant rejection is graft versus 
host disease, typically the antigen is a host antigen, ie an antigen present in the 

20 transplant recipient Alternatively, if the disease or condition associated with 
transplant rejection is host versus graft disease, typically the antigen is one 
which is present on the transplanted organ or material. In these cases, an 
inhibition or dampening of an immune or inflammatory response associated 
with an increase in T regulatory cells specific for antigens in the transplant 

25 may be required. Preferably the antigen is a class I MHC molecule. Most 
preferably, the MHC molecule is HLA-A2. 

Diseases or conditions where there is an aberrant or undesired immune or 
inflammatory response may also include allergies, wherein the undesired 
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response is an allergic response. In such a condition or disease, the antigen to 
which tolerance is induced would be an allergen. 



Thus the methods of the invention may be particularly useful in the treatment 
of an allergic condition or disease where there is an undesirable allergic 
inflammatory or immune response. 



Thus in another embodiment, the invention includes a method of treating, 
preventing or suppressing an allergic response in a patient; the method 
10 comprising administering to the patient a prostaglandin or agonist thereof and 
GMCSF. Optionally, an antigen to which it is desired to induce tolerance, or a 
derivative (hereof, is also aorninistered to the patient Typically, in an allergic 
condition or disease, the antigen to which tolerance is induced would be an 
allergen. 

is 

The allergy may be any allergy such as allergy to cat dander, house dust mite, 
grass or tree pollens, fungi, moulds, foods, stinging insects and so on. 

In one preferred embodiment, the allergic condition or disease is allergic 
20 asthma. Preferably, the prostaglandin or agonist thereof and/or the GMCSF 
and/or the antigen or derivative thereof; ate administered to the lungs or 
bronchial tree via an aerosol. This embodiment may be particularly 
advantageous as some 19-hydroxy prostaglandin analogues have been reported 
to function as bronchodilators, such as those described in US Patent No. 
25 4,127,612, incorporated herein by reference. The reason why prostaglandins 
are not widely used in the treatment of asthma is that they make the patient 
cough- Administration of GMCSF would allow the prostaglandin to be 
administered at a lower concentration, thus providing the therapeutic benefits 
while minimisi ng the side-effects. 

30 



10050405 21-0ct-Gg ; ;fl3?^| 



21/10 '02 15:17 FAX 01159552201 ERIC POTTER CIARKSON @026 




21 

Thus the invention includes the use of a 19-hydroxy PQB, GMCSF, and 
optionally an allergen to which it is desiced to induce tolerance for treatment 
by inhalation of allergic asthma, or a derivative thereof. 

5 In one preferred embodiment, if the disease or condition is an allergic disease 
or condition, such as allergic asthma, the antigen may be a mite allergen, a 
dust allergen, or a mammalian allergen such as a cat or a dog or a horse 
allergen, preferably a cat allergen, 

10 In other embodiments, the antigen (allergen) may be any of the following: Fel 
d I (the feline skin and salivary gland allergen of the domestic cat Felis 
dornesticus - the amino acid sequence of which is disclosed in WO 91/06571); 
Der p I, Der p n, Der fl or Der £Q (the major protein allergens from the house 
dust mite dermatophagoides - amino acid sequences disclosed in WO 

15 94/24281); and allergens present in any of the following: grass, tree and weed 
(including ragweed) pollens; fimgi and moulds; foods eg fish, shellfish, crab 
lobster, peanuts, nuts, wheat gluten, eg gs and milk; s tinging insects eg bee, 
wasp and hornet and the chjrnomidae (non-biting midges); spiders and mites, 
including the house dust mite; allergens found in the dander, urine, saliva, 

20 blood or other bodily fluid of mammals such as cat, dog, cows, pigs, sheep, 
horse, rabbit, rat, guinea pig, mouse and gerbil; airborne particulates in 
general; latex; and protein detergent additives* 

The antigen (allergen) may also be an insect antigen, selected from the group 
25 of insects comprising: housefly, fruit fly, sheep blow Sy, screw worm fly, 
grain weevil, silkworm, honeybee, non-biting midge larvae, bee moth larvae, 
mealworm, cockroach and larvae ofTenibrio molitor beetle. 

In still another embodiment, the invention includes a method of treating an 
30 autoimmune disease in a patient, the method comprising administering to the 
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patient a prostaglandin or an agonist thereof and GMCSF. The treatment of an 
autoimmune disease may involve inducing tolerance to a self-antigen against 
which there is an undesired immune response. 

5 Autoimmune diseases that may be treated using the methods of the present 
invention include primary myxoedema, thyrotoxicosis, pernicious anaemia, 
autoimmune atrophic gasteis, Addison's disease, insulin-dependent diabetes 
mellitus (IDDM), Goodpasture's syndrome, myasthenia gravis, sympathetic 
ophthalmia, MS, autoimmune haemolytic anaemia, idiopathic leucopenia, 

lo ulcerative colitis, dennatomyositis, scleroderma, mixed connective tissue 
disease, rheumatoid arthritis, irritable bowel syndrome, SLE, Hashimoto's 
disease, fliyroiditis, Behcet's disease, coeliac disease/dermatitis herpetiformis, 
and demyelinathtg disease. 

15 For example, for treating arthritis, the prostaglandin or an agonist thereof and 
GMCSF or derivative thereof may be administered to synovial fluid to ensure 
an immunologically tolerant ambience. 

In an embodiment, the method of treating an autoimmune disease in a patient, 
20 further comprises administering to the patient an antigen to which it is desired 
to induce tolerance, or a derivative thereof. Typically, the antigen is a self- 
antigen against -which there is an undesired immune response. 

Preferably, if the disease or condition is pernicious anaemia, the antigen may 
25 be vitamin B S2 - 

Preferably, if the disease or condition is Addison's disease, fee antigen may be 
adrenal antigen. 
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Preferably, if the disease or condition is insulin-dependent diabetes meffitas 
ODDM), the antigen may be glutamic acid decarboxylase (GAD), insulin, or 
IA-2 (a protean tyrosine phosphatase-Iike molecule). 

5 Preferably, if the disease or condition is Goodpasture's syndrome or renal 
vasculitis, the antigen may be renal antigen or endothelial antigen. 



Preferably, if the disease or condition is myasthenia gravis, the antigen may be 
the acetyl choline receptor 

10 

Preferably, if the disease or condition is sympathetic ophthalmia, the antigen 
may be ocular antigen. 

Preferably, if the disease or condition is a myelin wasting disease, such as MS, 
is the antigen may be myelin, MBP (myelin basic protein), PLP (proteolipid 
protein), or MOG (myelin oligodendrocyte glycoprotein). 

Preferably, if the disease or condition is autoimmune haemo lytic anaemia, the 
antigen may be red cell antigen. 

20 

Preferably, if the disease or condition is idiopathic leucopenia, the antigen 
may be leukocyte antigen. 

Preferably, if the disease or condition is ulcerative colitis, the antigen may be a 
25 food antigen or a viral antigen. 

Preferably, if the disease or condition is dermatomyositis, the antigen may be 
smooth muscle antigen. 
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Preferably, if the disease or condition is scleroderma, the antigen may be 
connective tissue antigen. 

Preferably, if the disease or condition is mixed connective tissue disease, the 
5 antigen may be connective tissue antigen 

Preferably, if me disease or condition is irritable bowel syndrome, the antigen 
may be a food antigen. 

io Preferably, if the disease or condition is SLE, the antigen may be histone 
proteins or immunoglobulin heavy chain. 

Preferably, if the disease or condition is Hashimoto's disease, primary 
nryxoedema or thyrotoxicosis the antigen may be thyroid antigen. 

15 

Preferably, if me disease or condition is thyroid autoimmune disease or 
thyroiditis, the antigen may be a thyroid hormone such as thyroglobulin. 

Preferably, if the disease or condition is Behcet's disease, the antigen may be 
20 Sag (S antigen from me eye), HLA-B44, B51, or HSP65. 

Preferably, if the disease or condition is Coeliac disease/Dermatitis 
hemetiformis, the antigen may be gliadin. Rather than use whole gliadin, it 
may be useful to use a fraction of gliadin which is able to down regulate 
25 gliadin-speeffic T-cell proliferation. A suitable fraction may be the a fraction 
disclosed in Maurano et al (2001) Scand. J. Immunol 53, 290-295, 



Preferably, if the disease or condition is rheumatoid arthritis, the antigen may 
30 be type IT collagen or an HSP (heat shock protein). 
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Preferably, if the disease or condition is demyelinating disease, the antigen 
may be myelin. 

5 The methods of the invention can be used to retolerise a patient to an antigen. 
For example, in an autoimmune disease or condition which is a result of a 
viral infection, the antigen may be a self-HSP that is similar to a viral HSP. 

The treatment is believed to combat the undesirable autoimmune response 
10 directly, as well as treating the symptoms by directing T cells away from a 
pro-inflammatory role. 

Without being bound by theory, the inventor believes that the methods of the 
present invention may affect the programming of T cells so that they become 

is regulatory or suppressive T cells xather than pro-inflammatory T cells. When 
a T eel] that has been modulated by an antigen presenting cell in the presence 
of a prostaglandin and GMCSF and an antigen further encounters that same 
antigen, the T cell will release a suppressive cytokine such as IL-10. 
Treatment with a prostaglandin and GMCSF is thus believed to prevent or 

20 minimise an inflammatory response to that antigen from developing. Thus 
treatment with a prostaglandin and GMCSF, and optionally an antigen, eg a 
self-antigen, ox a derivative thereof, can be used prophylactically, or as soon 
as the first symptoms of, eg an autoimmune disease, appear. 

25 Furthermore, it will be appreciated that because T cells are present throughout 
the body they may be programmed or primed at a site remote from their 
ultimate site of action. Accordingly, in one embodiment of the invention, any 
one or all of the prostaglandin or agonist thereof, GMCSF or derivative 
thereof, and antigen or derivative thereof may be administered at a she distant 

30 from the site of disease. 
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Similarly, unlike other forms of treatment of certain autoimmune diseases, the 
method may be helpful in preventing inflammatory responses before they 
start Thus, the method may be useful in treating patients who, for example 
5 because of meir age or genetic factors, are predisposed to an autoimmune 
disease before any inflammatory symptoms stow. 

The invention also includes inducing tolerance to an antigen in a patient for 
inhibiting or dampening an immune or inflammatory response in the patient. 
10 By "inhibition or dampening- we include increasing the level ofIL-10 which 
leads to an increase in the Th2 response, a decrease in the Thl response, or an 
increase in T regulatory cells. 

Whether or not a particular patient is one who is expected to benefit from 
15 treatment may be determined by the physician. 

An effect of the treatment of £ patient with a prostaglandin or agonist thereof 
and GMCSF or a derivative thereof may be the facilitation or improvement of 
tolerance to an antigen. The antigen may be one which is foreign to the 
20 patient or a self-antigen, and may be an antigen that is administered to the 
patient. 

It is appreciated that the induction of tolerance to an antigen in a patient upon 
administration of a prostaglandin or an agonist thereof and GMCSF or a 
25 derivative thereof may lead to non-specific immune suppression. Thus, the 
invention includes a method of inducing tolerance to an antigen in a patient to 
create a state of immune suppression in the patient, the method comprising 
administering to the patient a prostaglandin or agonist thereof and GMCSF or 
a derivative thereof. Such a state of immune suppression is characterised by 
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raising the threshold of a ceU-mediated immune response to any antigenic 
stimulus. 



Thus, it will be seen that the invention provides liie use of the combination of 
a prostaglandin or agonist thereof and GMCSF or a derivative thereof as an 
immunosuppressant. 



K is also appreciated that the induction of tolerance to an antigen in a patient 
upon administration of prostaglandin or agonist thereof, GMCSF or derivative 
thereof, and the antigen or a derivative thereof, may lead to antigen-specific 
immune suppression. Thus, the invention includes a method of inducing 
tolerance to an antigen in a patient to create a state of antigen-specific immune 
suppression in the patient, the method comprising administering to the patient 
a prostaglandin or agonist thereof, GMCSF or derivative thereof, and the 
15 specific antigen or a derivative thereof. Such a state of antigen-specific 
immune suppression is characterised by raising the threshold of a cell- 
mediated immune response to stimulus by the specific antigen. 

The invention therefore also provides the use of the combination of a 
20 prostaglandin or agonist thereof, GMCSF or derivative thereof, and an antigen 
or a derivative thereof, as an immunosuppressant for that antigen. 

The prostaglandin or agonist thereof, the GMCSF or derivative thereof, and 
the antigen or derivative thereof may be administered in any order. 

25 Preferably, they are co-administered. However, they may be administered so 
that the GMCSF or derivative thereof can take effect in the accessory cells 
prior to administration of the prostaglandin or agonist thereof and antigen. For 
example, the prostaglandin or agonist thereof and the antigen or derivative 
may be administered substantially simultaneously, for example in the same 

so composition, with the GMCSF administered separately. The GMCSF may be 
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administered before* after or substantially simultaneously with the 
prostaglandin or agonist thereof and the antigen or derivative. The order and 
timing of administration may be determined by the physician using knowledge 
of the properties of the antigen, prostaglandin and GMCSF- For example, the 
prostaglandin (such as misoprostol) may be active over a period of 4 hours 
following administration. Thus, suitable timings of administration can readily 
be devised from this information. 

Where the tolerance to an antigen is desired to be localised to a particular 
organ, for example to the skin or the bronchial tree and lungs, it is preferred if 
the prostaglandin or agonist thereof and/or the GMCSF or derivative thereof 
and/or the antigen or derivative thereof is administered locally at the she of the 
condition. The prostaglandin or agonist thereof may be administered as a gel 
or cream or vapour or spray or in a <€ patch w in the case of a condition localised 
to the skin, or as an inhaled vapour or spray where the site is the lungs or 
bronchial tree. 

The prostaglandin or agonist thereof and/or the GMCSF or derivative thereof 
and/or the antigen or derivative thereof may be administered systemically. For 
example, antigens presented locally to the mucosal immune system, eg via a 
suppository, are expected to act at mucosal sites remote from the site of 
administration* 

The invention includes the administration of prostaglandin, and/or GMCSF or 
derivative thereof and/or an antigen or derivative thereof to a mucosal site 
remote from the site of inflammation eg they could be co-administered as a 
suppository in the case of arthritis. This embodiment may be particularly 
advantageous as pathologic changes in the gastrointestinal tract may be 
associated with clinical complaints in multiple organs, including the 
musculoskeletal system (Alghafeer & Sigal, Bulletin on the Rheumatic 
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Diseases, 51(2): http://ww.arfiiritis.o^ 

printable.asp, incorporated herein by reference). Some reactive arthritis can be 
triggered by inflammatory bowel diseases, and lymphocytes from the gut 
mucosa have been reported to migrate to joint tissne in enteropa&ic arthritis 
s (Salmi & Jalkanen (2001) J ImmunoLA66V): 4650-7, incorporated herein by 
reference). 

Thus, it is appreciated that the antigen or derivative thereof may be 
administered to a patient by a variety of means. For example, it can be 

io administered via a mucosal surface of the patient, such as the rectal mucosal 
surfaces, eg as 9 suppository; it may be administered via the vagina eg in a 
pessary; it may be adniinistered via the skin, gg as a gel of cream or patch; it 
may be administered to the lungs, eg as an aerosol (typically for lung 
disorders); or orally, eg as a tablet or capsule, (usually for delayed release in 

15 the gut). 



Without being bound by theory, it is believed that the administered antigen or 
derivative thereof is transported to lymphoid tissues such as the lymph nodes 
io the lymph system or Peyer's patches in the submucosa of the small 
intestine. Thus, any form of delivery to these tissues is contemplated. The 
antigen or derivative thereof is presented to circulating T cells by an APC in a 
tolerising environment of raised 1L-10 created by the prostaglandin and the 
GMCSF. Furthermore, administration of the prostaglandin and GMCSF 
increases the likelihood that the circulating T cells are regulatory T cells. 



30 



The GMCSF or derivative thereof may be administered by any suitable route. 
The GMCSF or derivative thereof may reach the desired site of action, which 
is typically the monocytes in relation to the present invention, using many 
different routes of administration. Typically, in one embodiment, the GMCSF 
or derivative thereof is administered systemically. Suitable forms of systemic 
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administration include oral, transcutaneous, subcutaneous or intravenous 
administration, or by suppository. 

It may be convenient to administer me GMCSF or derivative thereof locally. 
Thus, the GMCSF may be delivered locally, such as on the skin, using, for 
example, a gel or cream or vapour or spray or in a "patch" as described above 
in relation to the administration of the prostaglandin or agonist thereof. 
Similarly, in the case of administration, to the bronchial tree or lungs ft may be 
administered as a spray or vapour. 

In preferred embodiments of the invention, the prostaglandin or agonist 
thereof, and/or the GMCSF or derivative thereof and/or the antigen or a 
derivative thereof may be combined in Che same formulation for delivery 
simultaneously. Thus, the prostaglandin or agonist thereof and/or the GMCSF 

or derivative thereof and/or the antigen may be combined in a gel or a cream 

or a vapour or spray or "patch" or suppository and admi nis tered together to the 

patient. 



Preferably, a suppository has an enteric coating which only releases the active 
agents in the bowel when the pH has risen. This sort of preparation has been 
successful in the delivery of glucocorticoids to the bowel (data sheet for 
Entocort CR). 



Alternatively, the prostaglandin or agonist thereof and/or the GMCSF or 
derivative thereof and/or the antigen or derivative thereof, may be 
administered in a capsule or other suitable form that is swallowed. The 
capsule or other suitable form has an enteric coating which is pH sensitive, 
leading to release at an appropriate point in the gastrointestinal tract where it is 
desired to do so, typically the distal fleam or colon. 
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Alternatively, the prostaglandin or agonist thereof and/or the GMCSF and/or 
the antigen or derivative thereof, may be administered directly to the colon or 
distal ileum using a non-soluble tube or pipe system, such as produced by 
Egaiet 

s 

It is appreciated that the prostaglandin or agonist thereof and/or the GMCSF 
and/brthe antigen may be administered at the same or different sites, and by 
the same or different modes of administration. 

10 In one embodiment the prostaglandin or agonist thereof is administered orally. 
In particular the prostaglandin or agonist thereof is a prostaglandin analogue 
which has been modified to reduce its cataboKsm and which is orally available 
(such as misoprostol). 

15 Thus, in a preferred embodiment, the method of the invention makes use of 
the oral administration of a prostaglandin analogue which has been modified 
to reduce its catabolism and which is orally available (such as misoprostol), 
and the antigen or derivative thereof is also administered orally. The 
advantages of oral administration is that it generally has good compliance 

20 compared to other modes of administration 

The inventor believes that the combination of GMCSF or derivative thereof 
with the orally available prostaglandin or agonist thereof will mean mat a 
lower dose of oral prostaglandin will be required than in the absence of 

25 GMCSF. Moreover, this combination of prostaglandin and GMCSF has been 
shown to give a prolonged effect even after its absence (see Examples 2 and 3) 
which is believed to be due to the presence of GMCSF which is a 
differentiating agent. It is believed by the inventor that this will have the 
advantage of reducing side effects caused by Ihe oral prostaglandin or agonist 

30 thereof; such as muscle cramps. 
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Preferably, the combination of GMCSF and prostaglandin or agonist thereof, 
comprises GMCSF and PGR Topically, 0.1 - 100 pg of PGE and l-250|Ag 
GMCSF in 5 ml saline would be administered. 

Alternatively, the . combination of GMCSF and prostaglandin or agonist 
thereof may comprise GMCSF and a 19-hydroxy PGE. Typically, 0,1 - 100 
fig of 19 hydroxy PGE and 1^250^g GMCSF in 5 ml saline would be 
administered. 

A suitable dose of sargramostim is 250 jig/m* daily. 

Typically, 100 to 800 jig, more preferably 100 to 400 |ig, of misoprostol is 
administered orally daily. 

15 

Typically, the antigen or derivative thereof is administered in a dose between 
about 100 ng and about 100 mg, more typically about 100 pg. 

A third aspect of the invention provides a composition comprising a 
20 prostaglandin or agonist thereof and GMCSF or a derivative thereof for use ha 
medicine. The invention also includes a composition comprising a 
prostaglandin or agonist thereof, GMCSF or a derivative thereof, and an 
antigen to which it is desired to induce tolerance in a patient or a derivative 
thereof, for use in medicine. The composition is therefore packaged and 
25 presented for use in medicine. The composition may be used in human or 
veterinary medicine; preferably, it is used in human medicine. 



5 



JO 
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Preferably, the use according to the third aspect is in treating an aberrant or 
undesired immune or i nflammat ory response in the patient, as described 
above. 

5 The preferences for the prostaglandin or agonist thereof, the GMCSF or 
derivative thereof, and the antigen or derivative thereof for the third aspect of 
the invention are the same as for the first aspect of the invention. 

In an embodiment, the composition may further comprise a monocyte 
10 chemotactic agent, such as those described above. 

In an additional or alternative embodiment, the composition may further 
comprise a FDE inhibitor, such as those described above. 



is A fourth aspect of the invention provides the use of a prostaglandin or agonist 
thereof in the manufacture of a medicament for inducing tolerance to an 
antigen in a patient wherein (he patient is ad m inistered GMCSF or a derivative 
thereof. Thus, the patient may already have been administered the GMCSF or 
derivative thereof before administration of die prostaglandin or agonist 

20 thereof, or is administered the GMCSF or derivative thereof at the same time 
as the prostaglandin or agonist thereof or will be administered the GMCSF or 
derivative thereof after administration of the prostaglandin or agonist thereof. 

A fifth aspect of the invention is the use of GMCSF or derivative thereof in 
25 the manufacture of a medicament for inducing tolerance to an antigen in a 
patient wherein the patient is administered a prostaglandin or agonist thereof. 
Thus, the patient may already have been administered the prostaglandin or 
agonist thereof before administtation of the GMCSF or derivative thereof, or 
is administered the prostaglandin or agonist thereof at the same time as the 
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GMCSF or derivative thereof or will be administered the prostaglandin or 
agonist thereof after administatfion of the GMCSF or derivative thereof 

A sixth aspect of the invention provides the use of a combination of a 
5 prostaglandin or agonist thereof and GMCSF or a derivative thereof in tixe 
manufacture of a medicament for inducing tolerance to an antigen in a patient 
Thus, the prostaglandin or agonist thereof and GMCSF or derivative thereof 
may be combined in the same medicament before administration to the patient. 

to A seventh aspect of the invention provides the use of a prostaglandin or 
agonist thereof in the manufacture of a medicament for inducing tolerance to 
an antigen in a pattern wherein the patient is administered GMCSF or 
derivative thereof and the antigen or a derivative thereof. Thus, the patient 
may already have been administered the GMCSF or derivative thereof and the 

is antigen or derivative thereof before adnihristration of the prostaglandin or 
agonist thereof, or is adininistered the GMCSF or derivative thereof and the 
antigen or derivative thereof at the same time as the prostaglandin or agonist 
thereof, or will be administered the GMCSF or derivative thereof and the 
antigen or derivative thereof after administration of the prostaglandin or 

20 agonist thereof! 



An eighth aspect of the invention is the use of GMCSF or derivative thereof in 
the manufacture of a medicament for inducing tolerance to an antigen in a 
patient wherein the patient is administered a prostaglandin or agonist thereof 
25 and the antigen or a derivative thereof Thus, the patient may already have 
been administered the prostaglandin or agonist thereof and the antigen or 
derivative thereof before administration of the GMCSF or derivative thereof, 
or is administered the prostaglandin or agonist thereof and the antigen or 
derivative thereof at the same time as the GMCSF or derivative thereof, or will 
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be administered the prostaglandin or agonist thereof and the antigen or 
derivative thereof after adrmmstration of the GMCSF or derivative thereof. 

A ninth aspect of the invention is the use of an antigen or a derivative thereof 
5 in the manufacture of a medicament for inducing tolerance to the antigen in a 
patient wherein die patient is administered a prostaglandin or agonist thereof 
and GMCSF or derivative thereof. Thus, the patient may already have been 
administered the prostaglandin or agonist thereof and GMCSF or derivative 
thereof before * adnnhisteation of the antigen or derivative thereof, or is 
to administered the prostaglandin or agonist thereof and the GMCSF or 
derivative thereof at the same time as the antigen or derivative thereof, or will 
be administered the prostaglandin or agonist thereof and the GMCSF or 
derivative thereof after administration of the antigen or derivative thereof. 

15 A tenth aspect of the invention provides the use of a prostaglandin or agonist 
thereof and GMCSF or derivative thereof in the manufacture of a medicament 
for inducing tolerance to an antigen in a patient wherein the patient is 
administered the antigen or a derivative thereof Thus, the patient may already 
have been administered the antigen or derivative thereof before administration 

20 of the prostaglandin or agonist thereof and GMCSF or derivative thereof, or is 
administered the antigen or derivative thereof at the same time as the 
prostaglandin or agonist thereof arid GMCSF or derivative thereof; or will be 
administered the antigen or derivative thereof after administration of the 
prostaglandin or agonist thereof and GMCSF or derivative thereof. 



An eleventh aspect of the invention is the use of a GMCSF or derivative 
thereof and an antigen or a derivative thereof in the manufacture of a 
medicament for inducing tolerance to the antigen in a patient wherein the 
patient is adnrinistered a prostaglandin or agonist thereof. Thus, the patient 
may already have been administered the prostaglandin or agonist thereof 



25 
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before administration of the GMCSF or derivative thereof and the antigen or 
derivative thereof or is administered ihe prostaglandin or agonist thereof at 
the same time as the GMCSF or derivative thereof and the antigen or 
derivative thereof, or will be administered The prostaglandin or agonist thereof 
after administration of the GMCSF or derivative thereof and the antigen or 
derivative thereof 



A twelfth aspect of the invention provides the use of a prostaglandin or agonist 
thereof, and an antigen or a derivative thereof; in the manufacture of a 

10 medicament for inducing tolerance to the antigen in a patient wherein the 
patient is administered GMCSF or derivative thereof. Thus, the patient may 
already have been administered die GMCSF or derivative thereof before 
administration of the prostaglandin or agonist thereof and the antigen or 
derivative thereof, or is administered the GMCSF or derivative thereof at the 

15 same time as the prostaglandin or agonist thereof and the antigen or derivative 
thereof, or will be administered the GMCSF or derivative thereof after 
administration of the prostaglandin or agonist thereof and line antigen or 
derivative thereof. 

20 A thirteenth aspect of the invention provides the use of a combination of a 
prostaglandin or agonist thereof GMCSF or derivative thereof and an antigen 
or a derivative thereof in the manufacture of a medicament for inducing 
tolerance to the antigen in a patient. Thus, the prostaglandin or agonist 
thereof; GMCSF or derivative thereof and the antigen or a derivative thereof 

25 may be combined in the same medicament before administration to the patient 

Preferably, the use according to the fourth to the thirteenth aspects is in 
treating an aberrant or undesired immune or inflammatory response in the 
patient, as described above. 
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The preferences for the prostaglandin or agonist thereof, the GMCSF or 
derivative thereof, the antigen or derivative thereof, routes of administration, 
doses and so on foe the fourth to the thirteenth aspects of the invention are the 
same as for the first aspect of the invention. 

5 

It is appreciated that the medicaments described in the fourth to the thirteenth 
aspects of the invention may also comprise a monocyte chemotactic agent 
and/or a PDE inhibitor. It is further appreciated that the medicaments 
described in the fourth to the thirteenth aspects of the invention may be for 
30 inducing tolerance to an antigen in a patient who has been administered a 
monocyte chemotactic agent and/or a PDE inhibitor The preferences for the 
monocyte chemotactic agent and the PDE inhibitor are the same as for the first 
aspect of the invention. 



15 A fourteenth aspect of the invention provides a therapeutic system for 
inducing tolerance to an antigen, the system comprising a prostaglandin or 
agonist thereof and GMCSF or derivative thereof The therapeutic system 
may also be termed a "kit of parts 31 . 

20 The invention includes a therapeutic system for inducing tolerance to an 
antigen, the system comprising a prostaglandin or agonist thereof; GMCSF or 
a derivative thereof, and the antigen to which it is desired to induce tolerance, 
or a derivative thereof. 

25 Preferably, the therapeutic system contains a preferred prostaglandin or 
agonist thereof as defined in the first aspect of the invention. Still preferably, 
the therapeutic system contains a preferred GMCSF or derivative thereof as 
defined in the first aspect of the invention. If the therapeutic system contains 
an antigen or derivative thereof it is preferably as defined in the first aspect of 

30 the invention. 
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Hie therapeutic system or kit of parts may suitably contain the prostaglandin 
or agonist thereof the GMCSF or derivative thereof, and the antigen or 
derivative thereof packaged and presented in suitable formulations for use in 
5 combination, cither for administration simultaneously or for administration 
which is separated in time. Thus, for example, in one embodiment where the 
prostaglandin or agonist thereof, GMCSF or derivative thereof, and antigen or 
derivative thereof are for simultaneous administration locally to the skin, the 
therapeutic system may contain a gel or cream or spray or vapour or "patch" 
10 which contains a combination of prostaglandin or agonist thereof GMCSF or 
derivative thereof and the antigen or derivative thereof. Alternatively, an 
another embodiment where the prostaglandin or agonist thereof, GMCSF or 
derivative thereof and antigen or derivative thereof are for separate 
admimstration in a particular treatment regime, they are packaged or 
is formulated separately. For example, the prostaglandin or agonist thereof may 
be formulated for administration locally using a cream or gel or spray or 
vapour or "patch", and GMCSF or derivative thereof and the antigen or 
derivative thereof are packaged or formulated for intravenous or oral 
administration 

zo 

It is appreciated that the therapeutic system may also comprise a suitably 
packaged and presented monocyte chemotactic agent and/or a PDE inhibitor, 
such as those described above with respect to the first aspect of the invention. 

25 The formulations of me prostaglandin or agonist thereof alone or GMCSF or 
derivative thereof alone or the antigen or derivative thereof alone, Or any 
combination of any two of them, or all three of them, may conveniently be 
presented in unit dosage form and may be prepared by any of the methods well 
known in the art of pharmacy, Such methods include the step of bringing into 

30 association the active ingredients used in the invention with the carrier -which 
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constitutes one or more accessory ingredients. In general the fommlations ate 
prepared by uniformly and intimately twanging into association the active 
ingredient with liquid carriers or finely divided soKd earners or both, and then, if 
necessary, shaping the product. 

5 

Formulations in accordance with the present invention suitable for oral 
adininistratfon (eg of the GMCSF or of a suitable prostaglandin or antigen) may 
be presented as discrete units such as capsules, cachets or tablets, each 
containing a predetennined amount of the active ingredient; as a powder or 
to granules; as a solution or a suspension in an aqueous liquid or a non-aqueous 
liquid; or as an oil-in -water liquid emulsion or a water-in-oil liquid emulsion. 
The active ingredient may also be presented as a bolus, electuary or paste. 

A tablet may be made by compression or molding, optionally with one or more 
15 accessory ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the active ingredient in a free-flowing form such as a powder or 
granules, optionally mixed with a binder (eg povidone, gelatin, 
hydroxypropyJmethyl cellulose), lubricant, inert diluent, preservative, 
disintegrant (eg sodium starch glycolate, cross-linked povidone, cross-linked 

20 sodium carboxymetbyl celtuloseX surfece-actrve or dispersing agent Molded 
tablets may be made by molding in a suitable machine a mixture of the 
powdered compound moistened with an inert liquid diluent. The tablets may 
optionally be coated or scored and may be formulated so as to provide slow or 
controlled release of the active ingredient therein using, for example, 

25 aydroxypropylmethylcelhilose in varying proportions to provide desired release 
profile. 

Preferred unit dosage formulations are those containing a daily dose or unit, 
daily sub-dose or an appropriate fraction thereof, of an active ingredient 

30 



10050405 21"pct-02 03;35~1 



21/10 '02 15:23 FAX 01159552201 ERIC POTTER CLAXKSON ©045 



40 

It should be understood that in addition to the ingredients particularly mentioned 
above the formulations of this invention may include other agents conventional 
in the art having regard to the type of formulation in question, for example those 
suitable for oral administration. may include flavouring agents. 

5 

For fecal adininistcatiott to the akin, it may be convenient to formulate the 
prostaglandin or agonist thereof and/or GMCSF or derivative thereof and/or 
antigen or derivative thereof in combination -with a dispersion agent or an agent 
which allows for increased transdermal or transmucosal transfer or penetration, 
10 such a dimethyl sulphoxide (DMSO) and the Kke. Suitable agents are ones 
which are compatible with the prostaglandin or agonist thereof and/or GMCSF 
or derivative thereof (eg are solvents thereof). 

The patient on which the method or medicament is used is preferably a human 
is although the patient may be any mammal such as a cat, dog, horse, cow, 
sheep, horse, pig and so on. 



It will be appreciated that the method or medicament may be used before 
symptoms indicating a need to induce tolerance of an antigen becomes 

20 apparent in the patient to be treated, or, either alternatively or in addition, the 
using of the method or medicament may be used after symptoms or signs 
become apparent Thus, in the case of a patient receiving an organ or tissue 
transplant, it may be beneficial to administer foe prostaglandin or agonist 
thereof, GMCSF or derivative thereof, and optionally the antigen or derivative 

25 thereof, before the transplantation surgery is started. It may be further 
beneficial to continue the administration during or after completion of the 
transplant or graft surgery. The necessary dosage may be determined by the 
physician, according to the degree of tolerance that is required. 
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It will further be appreciated that each of the prostaglandin or agonist thereof; 
the GMCSF or derivative thereof, and optionally the antigen or derivative 
thereof, may be administered as a single dose, or in multiple smaller doses 
which achieve the same therapeutic effect The frequency of administration 
5 may vary according to the convenience of the physician administering the 
dose or the patient. 

It is appreciated that it may be preferable to minimise the exposure of the 
patient to other antigens other than the one to which it is desired to induce 
10 tolerance. In some cases, this may include keeping the patient in an isolation 
"bubble" as is known in the art for immunosuppi essed patients. 

It is appreciated that tolerance to more than one antigen may be desired. 
Therefore reference to methods, uses and compositions comprising an antigen 
15 to which it is desired to induce tolerance, may include two or three or four or 
five or more antigens to which it is desired to induce tolerance. 

Pregnancy is likely to be a contraindication for the present invention. In fact, 
pregnancy is a contraindication for several prostaglandins including 
20 misoprostol. Cytotec (misoprostol) does not cause hypotension, but this may 
be a possible risk with the method of the invention. 

The inventor has shown that prostaglandin R and GMCSF cause enhanced 
expression of ILrlO, granulyaiii, COX-2, CD86 and CD14 in cells of the 
25 macrophage/monocyte lineage. By "cells of the macrophage/monocyte 
lineage" we include cells that are derived from monocyte precursors and 
include macrophages, monocytes and dendritic cells. 

The present invention also includes a method of stimulating or enhancing IL- 
30 10 expression in, and secretion from, cells of the macrophage/monocyte 
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lineage comprising administering a prostaglandin of agonist thereof and 
GMCSF or a derivative thereof. The stimulation can be in vitro, or in vivo. 

The method of stimulating or enhancing IL-10 expression in, and secretion 
S from, cells of the macrophage/monocyte lineage may further comprise 
administering a monocyte chemotactic agent and/or a PDE inhibitor. 

The stimulation or enhancement of EL- 10 secretion in vivo may be beneficial 
in conditions such as transplants, autoimmune diseases and allergies as 
10 described previously with respect to the first aspect of the invention. 

The present invention also provides the use of a prostaglandin or agonist 
thereof in the manufacture of a medicament for stimulating or enhancing BL- 
10 expression in, and secretion from, cells of the macrophage/monocyte 

15 lineage in a patient wherein the patient is administered GMCSF or a derivative 
thereof. Thus, the patient may already have been administered the GMCSF 
before administration of the prostaglandin or agonist thereof, or is 
administered the GMCSF at the same time as the prostaglandin or agonist 
thereof or will be administered the GMCSF after administration of the 

20 prostaglandin or agonist thereof. 

The present invention further provides the use of GMCSF or a derivative 
thereof in the manufacture of a medicament for stimulating or enhancing EL- 
10 expression in, and secretion from, cells of the macrophage/monocyte 

25 lineage in a patient wherein the patient is administered a prostaglandin or 
agonist thereof Thus, the patient may already have been adntinistered the 
prostaglandin or agonist thereof before administration of the GMCSF, or is 
administered the prostaglandin or agonist thereof at the . same time as the 
GMCSF or will be admin istered the prostaglandin or agonist thereof after 

30 administration of me GMCSF. 
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The present invention additionally provides the use of a combination of a 
prostaglandin or agonist thereof and GMCSF or a derivative thereof in the 
manufacture of a medicament for stimulating or enhancing IL-IO expression 
5 in, and secretion from, cells of the macrophage/monocyte lineage in a patient. 
Thus, the prostaglandin or agonist thereof and GMCSF may be combined in 
the same medicament before administration to the patient 

The present invention also includes a method of stimulating or enhancing 
io granulysin expression in, and secretion from, cells of the 
macrophage/monocyte lineage comprising administering prostaglandin or an 
agonist thereof and GMCSF or a derivative thereof. The stimulation can be in 
vitro or in vivo, for example in a patient in need of the increased antiviral 
activity of granulysin. 

15 

The method of stimulating or enhancing granulysin expression in, and 
secretion from, cells of the macrophage/monocyte lineage may further 
comprise administering a monocyte chemotactic agent and/or a PDE inhibitor. 

20 The stimulation or enhancement of granulysin secretion in vivo may be 
beneficial in conditions such as transplants, autoimmune diseases and allergies 
as described previously with respect to the first aspect of the invention. 

The present invention also provides the use of a prostaglandin or agonist 
25 thereof in the manufacture of a medicament for stimulating or enhancing 
granulysin expression in, and secretion from, cells of the 
macrophage/monocyte lineage in a patient wherein the patient is administered 
GMCSF or a derivative thereof. Thus, the patient may already have been 
ad mini stered the GMCSF before administration of the prostaglandin or agonist 
30 thereof, or is administered the GMCSF at the same time as the prostaglandin 
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or agonist thereof or will be administered the GMCSF after administration of 
the prostaglandin or agonist thereof. 



The present invention farther provides the use of GMCSF or a derivative 
5 thereof in the manufacture of a medicament for stimulating or enhancing 
granulysin expression in, and secretion from, cells of the 
macrophage/monocyte lineage in a patient -wherein the patient is administered 
a prostaglandin or agonist thereof. Thus, the patient may already have been 
administered the prostaglandin or agonist thereof before administration of the 
10 GMCSF, or is administered the prostaglandin or agonist thereof at the same 
time as the GMCSF or will be administered the prostaglandin or agonist 
thereof after adntinistration of the GMCSF. 

The present invention additionally provides the use of a combination of a 
is prostaglandin or agonist thereof and GMCSF or a derivative thereof in the 
manufacture of a medicament for stimulating or enhancing granulysin 
expression in, and secretion from, cells of the macrophage/monocyte lineage 
in a patient. Thus, the prostaglandin or agonist thereof and GMCSF may be 
combined in the same medicament before administration to the patient. 

20 

The stimulation or enhancement of granulysin secretion in vivo may further be 
beneficial as an anti-viral treatment against, for example, herpes simplex virus 
or human papilloma virus. Thus the combination of a prostaglandin or an 
agonist thereof and GMCSF or a derivative thereof, optionally with a 
25 monocyte chemotactic agent such as MCP-1 or MEP-Jo, can be applied 
topically to the skin to prevent the development of, or to treat, cold sores or 
warts. 



Thus the invention includes a method of treating a viral infection in a patient 
30 comprising administering to the patient a prostaglandin or an agonist thereof 
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and GMCSF or a derivative thereof. The method may further include 
administering a monocyte chemotactic agent and/or a PDE inhibitor to the 
patient 

5 The invention also includes a method of treating cold sores or warts 
comprising administering to the cold sores or warts a prostaglandin or an 
agonist thereof and GMCSF or a derivative thereof. The method may further 
include administering a monocyte chemotactic agent and/or a PDE inhibitor to 
the cold sores or warts. 

10 

The present invention also provides the use of a prostaglandin or agonist 
thereof in the manufacture of a medicament for treating a viral infection in. a 
patient, wherein the patient is administered GMCSF or a derivative thereof. 
Thus, the patient may already have been administered the GMCSF before 
is administration of the prostaglandin or agonist thereof, or is administered the 
GMCSF at the same time as the prostaglandin or agonist thereof or will be 
administered the GMCSF after administration of the prostaglandin or agonist 
thereof. 



20 The present invention further provides die use of GMCSF or a derivative 
thereof in the manufacture of a medicament for treating a viral infection in a 
patient, wherein the patient is administered a prostaglandin or agonist thereof. 
Thus, the patient may already have been administered the prostaglandin or 
agonist thereof before administration of the GMCSF, or is administered the 

25 prostaglandin or agonist thereof at the same time as the GMCSF or will be 
administered the prostaglandin or agonist thereof after administration of the 
GMCSF. 

The present invention additionally provides the use of a combination of a 
30 prostaglandin or agonist thereof and GMCSF or a derivative thereof in the 
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manufacture of a medicament for treating a viral infection in a patient Thus, 
the prostaglandin or agonist thereof and GMCSF may be combined in the 
same medicament before administration to the patient 

5 The stimulation or enhancement of granulysin secretion in vivo may also be 
beneficial as an anti-tumour treatment, not least because of gramilysin's 
antiviral activity. For example, the stimulation or enhancement of granulysin 
secretion may be beneficial for treating early stage skin cancer or cervical 
cancer. 



10 



The present invention also includes a method of stimulating or enhancing 
COX-2 expression in cells of the macrophage/monocyte lineage comprising 
a dminis tering a prostaglandin or agonist thereof and GMCSF or a derivative 
thereof. The stimulation can be in vitro, or in vivo. 



15 



The stimulation or enhancement of COX-2 expression in vivo may be 
beneficial in conditions such as transplants, autoimmune diseases and allergies 
as described previously with respect to the first aspect of the invention, as it is 
believed to be involved in maintaining the tolerising and antimicrobial 
20 phenotype induced by the prostaglandin and the GMCSF. 



The present invention also provides the use of a prostaglandin or agonist 
thereof in the manufacture of a medicament for stimulating or enhancing 
COX-2 expression in cells of the macrophage/monocyte lineage in a patient 
25 wherein the patient is administered GMCSF or a derivative thereof Thus, the 
patient may already have been administered the GMCSF before adimtusteation 
of the prostaglandin or agonist thereof, or is administered the GMCSF at the 
same time as She prostaglandin or agonist thereof or will be administered the 
GMCSF after administration of the prostaglandin or agonist thereof. 
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The present invention further provides fhe use of GMCSF or a derivative 
thereof in the manufacture of a medicament for stimulating or enhancing 
COX-2 expression in cells of the macrophage/monocyte lineage in a patient 
wherein the patient is administered a prostaglandin or agonist thereof. Thus, 
5 the patient may already have been administered the prostaglandin or agonist 
thereof before administration of the GMCSF, or is administered the 
prostaglandin or agonist thereof at the same time as the GMCSF or -will be 
administered the prostaglandin or agonist thereof after administration of the 
GMCSF. 

10 

The present invention additionally provides the use of a combination of a 
prostaglandin or agonist thereof and GMCSF or a derivative thereof in the 
manufacture of a medicament for stimulating or enhancing COX-2 expression 
in cells of the macrophage/monocyte lineage in a patient. Thus* the 
15 prostaglandin or agonist thereof and GMCSF may be combined in the same 
medicament before administration to fhe patient. 

All of the documents referred to herein are incorporated herein, in their 
entirety, by reference. 

20 

The invention will now be described in more detail with the aid of the 
following Figures and Examples. 

Figure 1 

25 cDNA and amino acid sequence (Figures 1 A and IB, respectively) of human 
GMCSF, taken from Genbank Accession No- NM_000758. 

Figure 2 

Figure 2 is a graph showing the effect of PGE and GMCSF on gene expression 
30 in U937 cells. Cells were treated for 4 hours with PGE2, with and without 
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GMCSF, washed to remove the treatment, and incubated for a further 20 hours 
before the cells were pelleted and RNA extracted. The mRNA levels of 
CD14, CD80, CD86, BCL-2, BAX, COX-* (cyclo-oygenase 1), COX-2, 
PGES (prostaglandin synthase), EP2 (a prostaglandin receptor), EP4 (a 
5 prostaglandin receptor), PDE4B (a phosphodiesterase), IRAK-M, CllTA 
(MHC class II transactivator), MHC-IL IL-10 and granulysin (abbreviated to 
granlin), were measured. The graph indicates the percentage change in 
expression levels in the presence of GMCSF and PGE2. 

10 Figure 3 , 

Figure 3 is a graph showing the synergistic effect of PGE and GMCSF on the 
production of IL-10 mRNA in U937 cells, and that this phenotype is 
maintained 48 hours after removal of the treatment Cells were treated for 4 
hours with the agents indicated below the graph, washed to remove the 

15 treatment, and incubated for a further 48 hours before the cells were pelleted 
and RNA extracted. PGE2, £2 and E all refer to prostaglandin E2; GM refers 
to GMCSF; and M refers to MCSF. 

Figure 4 

20 Figure 4 is a graph showing the synergistic effect of PGE and GMCSF on the 
release of IL-10 protein in U937 cells, and that this phenotype is maintained 
after removal of the treatment Cells were treated for 4 hours with the agents 
indicated below the graph, washed to remove the treatment, and incubated for 
a further 20 hours before the medium was assayed for IL-10. PGE refers to 

25 prostaglandin E2, and GM refers to GMCSF. 

Example 1; P rostaglandin / GMCSF synergism for inducing 
immnnological tolerance 
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There is growing evidence that prostaglandins of the E series are involved in 
immunological tolerance. This derives from their role in oral tolerance (the 
ability of the immune system to distinguish pathogenic and comensal 
organisms), their ability to modulate cytokine ratios, and their huge 
concentrations in human seminal plasma where tolerance for the 
spermatozoon is essential. 

Prostaglandins are produced at most mucosal surfaces of the body that have to 
accommodate beneficial or harmless bacteria and yet mount a response to 
pathogens. Newberry et al (1999) have shown that 3A9 TCRa mice 
expressing a T cell receptor that specifically recognises egg-white lysosyme 
do not mount an inflammatory response to this antigen unless prostaglandin 
synthesis is inhibited, in that case by inhibiting the inducible cyclooxygenase 
isoform COX-2. With the source of prostaglandin removed, and with 
exposure to the specific antigen, these mice develop a pathology resembling 
inflammatory bowel disease (Newbeary et al, 1999). These experiments 
confirm earlier studies showing that non-steroidal anti-inflammatory drugs 
such as indomethacHi, which have a primary effect of inhibiting prostaglandin 
synthesis, break tolerance (Scheuer et aL 9 1987; Louis et aL 9 1996). 



Monocytes of the normal lamina propria have a distinct phenotype since they 
express CD86 but not CD80. When an inflammatory condition persists (e.g 
inflammatory bowel disease) the monocytes express CDSO (Rugtveit et al, 
1997). The resident macrophages (CD80-ve CD86 +ve) are thus distinguished 
from the recently recruited macrophages which are CD80+ve, CD86+ve. 

Monocytes axe major sources of many immunological mediators, including 
prostaglandins and as such will alter the cytokine environment for antigen 
presentation. PGE has a major effect on cytokines relevant to tolerance, 
stimulating the tolerogenic cytokine IL-10 (Strassmaan et ah, 1994) and 
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uuulriting IL-12 CKraan et al., 1995) which breaks tolerance. PGE will also 
have direct effects on the maturation of antigen-presenting dendritic cells, 
stimulating the production of cells that secrete increased IL-10 and diminished 
IL-12 (Kalinski et al^ 1997). 

5 

A further indication of the importance of prostaglandins in ensuring essential 
tolerance i$ the very high (approximately millimolar) concentrations of both 
PGE and 19-hydroxy PGE in human seminal plasma. Clearly, immunological 
tolerance for spermatozoa entering the immunogically competent, and 
10 possibly infected, female genital tract is essential for the continuation of the 
species and levels of prostaglandin are such that many sub-epithelial, and even 
lymph-node cells will be affected. In this way, evolution has ensured 
immunological protection for the spermatozoa. 

is Previous experiments (Strassmann et aL, 1994; Kraan et aL, 1995) have 
required iipopolysaccharide (LPS) to be present for PGE to stimulate IL-10 
production and in addition, the message for IL-10 was delayed by 
approximately 12 hours, both of these factors has been puzzling. The 
observations of the present invention suggest that LPS may have been 

20 sthnuiatihg the expression of GMCKF, which may account for both the delay 
and (be subsequent IL-10- expression. 




We now show that the major prostaglandin effects on tolerance inducing 
monocytes may be mediated by a synergism between a prostaglandin and 

25 GMCSF, The result of short term exposure to this combination results in a 
phenotype expressing greatly increased IL-10 but reduced levels of 
participants in antigen presentation such as CUTA and MHCII. Moreover, 
this change in phenotype is accompanied by enhanced expression of 
gramilysbi. This molecule has anti-mi crobial properties (Krensky 2000) and is 

30 normally thought of as a product of activated T cells - mediating antiviral 



21/10 '02 16:27 FAX 01159552201 ERIC POTTER GLARKSQN @056 



51 

activity that lyses infected cells (Hate et ah 2001; Ochoa et al. 2001; Smyth et 
al. 2001). Such an increase in innate defence molecules may compensate for 
the compromise of the adaptive immune system mat necessarily accompanies 
tolerance induction. The phenotype is further characterised by a neutral effect 
s on CD80 but a stimulation of CD86. 

Experimental Details 

U937 (human monocyte cell line) cells were grown in RPMI (PAA 
Laboratories) medium with 10% fetal calf serum added (PAA Laboratories). 

10 Cells were treated with prostaglandin E2 at 10"* Molar with or without 
GMCSF with at 5 ng/ml for 4 hours. The treatment was removed and cells 
were cultured for a further 20 hours. Cells were pelleted and the roRNA was 
extracted with Tri reagent (Sigma, Poole, UK). Total KNA was obtained by 
addition of chloroform and subsequent isopropanol precipitation. KNA was 

15 reverse transcribed with reverse transcriptase (Applied Biosystems) and 
random hexamers (Applied Biosystems). Probes and primers for amplification 
and detection of IL-10 and a number of other molecules ware designed using 
Primer Express (Applied Biosystems) and are as follows: 



2D IL-10 primers 

CTACGGCGCTGTCATCGAT 
TGGAGCTTATTAAAGGCATTCTTCA 
IL-10 probe 

CTTCCCTGTGAAAACAAGAGCAAGGCC 

25 

B AX primers 

CATGGAGCTGCAGAGGATGA 
CTGCCACTCGGAAAAAGACCT 
Bax Probe 

so TGCCGCCGTGGACACAGACTCC 
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BCL2 primers 

CCGGGAQGCGACCQTAGT 
GGGCTGCGCACCCTTTC 
BCL2 probe 

CGCCGCGCAGGACCAGGA 
CD 80 primers 

TCCACGTGACCAAGGAAGTG 
CCAGCTCTTCAACAGAAACATTGT 
CD80 Probe 

AAGAAGTGGCAACGCTGTCCrGTGG 
CD86 primers 

CAGACCTGCCATGCCAATT 
TTCCTGGTCCTGCCAAAATACTA 
CD 86 Probe - 

CAAACTCTCAAAACCAAAGCCTGAGTGAGC 

COX-1 primers ' 
TGTTCGGTGTCCAGTTCCAATA 
ACCTTGAAGGAGTCAGGCATGAG 
COX-1 Probe 

CGCAACCGCATTGCCATGGAGT 
COX-2 primers 

GTGTTGACATCCAGATCACATITGA 
GAGAAGGCTTCCCAGCTTTTGTA 
COX-2 Probe 

TGACAGTCCACCAACTTACAATGCTGACTATGG . 
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EP2 primers 

GAC CGC TTA CCT GCA GCT GTA C 
TGA AGT TGC AGG CGA GCA 
5 EP2 Probe 

CCA CCC TGC TGC TGC TTC TCA TTG TCT 

EP4 primers 

ACGCCGCCTACTCCTACATG 
10 AGAGGACGGTGGCGAGAAT 
EP4 Probe 

ACG CGG GCT TCA GCT CCT TCC T 

PDE4b primers 
15 CCTTCAGTAGCACCGGAATCA 

CAAACAAACACACAGGCATGTAGTT 
PDE4b Probe 

AGCCTGCAGCCGCTCCAGCC 

20 Gramilysin primers 

CAGGGTGTGAAAGGCATCTCA 
GGAGCATGGCTGCAAGGA 
Granulysin Probe 
CGGCTGCCCCACCATGGC 

25 

CD14 primers 

GCGCTCCGAGATGCATGT 
AGCCCAGCGAACGACAGA 
CDI4 Probe 
30 TCCAGCGCCCTGAACTCCCTCA 



21/10 '02 15:27 FAX 01139552201 ERIC POTTER CLARKSON IgjOS 



54 



E synthase primers 

CGGAGGCCCCCAGTATTG 

GGGTAGATGGTCTCCATGTCGTT 
s E synthase Probe 

CGACCCCGACGTGGAACGCT 



IRAKM primers 

CCT GCC CTC GGA ATT TCT CT 
10 CTT TGC CCG CGT TGC A 
IRAKM probe 

CAC ACC GGC CTG CCA AAC AGA A 

CUTA primers 
15 GCTGTTGTGTGACATGGAAGGT 

RTGGGAGTCCTGGAAGACATACTG 
CUTA Probe 

CCGCGATATTGGCATAAGCCTCCCT 



20 Class II primers 

AGCCCAACGTCCTCATCTGT 
TCGAAGCCACGTGACATTGA 
ClassH Probe 

TCATCGACAAGTTCACCCCACCAGTG 

25 

Template was amplified in a Taqman 7700 machine for 40 cycles using 
FAM/TAMRA dyes on the probe. The Applied Biosystems Kit was used to 
amplify and detect ribosomal (18S) KNA as a control. After 40. cycles the a 
(related to cycle number at which signal appears) for the FAM and the 18$ 
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(VIC) were recorded and absolute relative quantitation was achieved using flue 
fonuula2- Mct . 

Toe results of Ibis experiment are shown in Figure 2 and show that there is a 
synergistic between a prostaglandin (PGB2) and GMCSF on the release oflL- 
10, CD- 14, CDB6, COX-2, and granulysin from Cells of the immune system. 

flxamnle 2: Prostaglandin R / GMCSF s ynergism fnr inducing IT^in 

Cells were cultured as described in Example 1 but after 4 hours medium was 
removed, cells were washed and the cells were cultured in medium alone for a 
further 4$ hours. RNA was extracted from the cells as described in Example 
i. 

The results of this experiment are shown in Figure 3 and show that there is a 
synergistic effect between a prostaglandin (PGE2) and GMCSF on the 
expression of IL-10, and that this phenotype is maintained 48 hours after 
removal of the treatment. 

Example 3; Release of IL-l O from monocytes in response to PGR and 
GMCSF. 

U937 cells were grown in RPMI (PAA Laboratories) medium with 10% foetal 
calf serum (PAA Laboratories) added. Cells were treated with prostaglandin 
E2 at 10" 6 Molar both with and without GMCSF at 5 ng/ml for 4 hours. The 

treatment was removed and cells were cultured for a further 20 hours. 

Medium was removed and assayed for IL-10 using a matched monoclonal 
antibody pair (^harmingen) or a commercial ELISA (R&D Systems, catalogue 

number D1000, Abingdon, Oxford). Figure 4 shows the release of IL-10 from 

monocytes in response to PGE and GMCSF. 
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To assay for cyclic AMP levels, wells in which cells are growing are treated 
with 0.01N hydrochloric acid to extract intracellular cAMP. This extract is 
neutralised to pH 6 and assayed for cyclic AMP in a competitive enzyme 
immunoassay (R&D Systems, catalogue numer DE0450, Abingdon, Oxford). 

gSaffiBlg d ' fTVM tHtfell* of dHm rriinafe.p djsgagjg 

A patient with demyelinating disease is administered 800 ug misoprostol 
orally and 250 p.g/m z Leukine' 3 intravenously day, together with 200 ug 
myelin. 

Example 5: Tr eatment of r hmmatnM arthritis 

is A patient with rheumatoid arthritis is administered 800 ug misoprostol orally 
and 250 pg/m 2 Leukine® subcutaneousiy per day together with 200 Mg type U 
collagen. 
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A composition comprising a prostaglandin or an agonist thereof and 
granulocyte-macrophage colony stimulating factor (GMCSF) or a 
derivative thereof. 

A composition according to Claim 1 wherein the prostaglandin or 
agonist thereof stimulates cAMP production in a monocyte. 

A composition according to Claim 1 or 2 wherein the prostaglandin or 
agonist thereof is a prostaglandin E such as prostaglandin Ea or an 
analogue thereof, dinoprostone, gemeprost, misoprostol, alprostadil, 
limaprost, butaprost, 11-deoxy PGE1, AH23848, AH13205, or a 19- 
hydroxyPGE. 

A composition according to any one of the preceding claims wherein 
the GMCSF as human GMCSF having the amino acid sequence as 
defined in Figure 1, or naturally occurring variants thereof 

A composition according to any one of me preceding claims wherein 
the GMCSF is sargramosttm. 

A composition according to any one of the preceding claims further 
comprising a monocyte chemotactic agent. 

A composition according to Claim 6 wherein the monocyte chemotactic 
agent is MCP-1 or MJOP-Iot. 



8. 

30 



A composition according to any one of the preceding claims further 
comprising a phosphodiesterase (PDE) inhibitor. 
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A composition according to Claim 8 wherein the PDE inhibitor is any 
one of 3-isobntyM -methylxanthine QBMX), pentoxifylline (3,7- 
^ydro-3/7^mietby^ rolipram 
(4-[3-cyclopenlyIoxy^methoxyphenyl]-2-p3^UdinoneX CP80 633, 
CP102 995, CP76 593, Ro-20-1724 (^[S-butoxy^methoxybenzyq-S- 
inudazolidinone), theophylline, or denbufylline (l,3sii-n-butyl-7-(2- 



oxopropyl)-xanlhine). 

10. A composition according to Claim 8 or 9 wherein the PDE inhibitor is 
Selective for type IV PDE. 

11. A composition according to Claim 10 wherein the PDE inhibitor 
selective for type IV PDE is any one of rolipram (4-[3-cycIopentyloxy- 
4-memoxyphcnyl]-2-pyrroKdinone), CP80 633, CP102 995, CP76 593, 
Ro-20-1724 (4-[3-butDxy^-memoxybenzyl]-2-iniidazoHdinone) 9 
denbufylline (13-d5-n-buiyI-7-(2^xoprcpyl>xanlhine), or CDP840, 
RP73401 orRS33793. 

12. A composition according to any one of the preceding claims for 
inducing tolerance to an antigen in a patient further comprising an 
antigen to which it is desired to induce tolerance, or a derivative 
thereof. 

13. A pharmaceutical composition comprising the composition according 
to any one of the preceding claims and a pharmaceutical^ acceptable 
carrier, diluent or excipient. 
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A method of inducing tolerance to an antigen in a patient, the method 
comprising administering to the patient a prostaglandin or an agonist 
thereof and GMCSF or a derivative thereof. 



15. A method according to Claim 14 wherein the prostaglandin or agonist 
thereof stimulates cAMP production in a monocyte. 

16. A method according to Claim 14 or 15 wherein the prostaglandin or 
agonist thereof is any one of a prostaglandin E, such as prostaglandin 
Ea or an analogue thereof, dinoprostone, gemeprost, misoprostol, 
alprostadil, limaprost, butaprost, H-deoxy PGE1, AH23848, AH13205, 
or a 1 9-hydroxy PGE. 



15 17. A method according to any one of Claims 14 to 1 6 wherein the GMCSF 
is human GMCSF having the ammo acid sequence as defined in Figure 
1, or naturally occurring variants thereof. 

18. A method according to any one of Claims 14 to 17 wherein the GMCSF 
20 is sargramostim. 

19. A method according to any one of Claims 14 to 18 further comprising 
administering a monocyte chemotactic agent to the patient. 

25 20. A method according to Claim 19 wherein the monocyte chemotactic 
agent is MCP-1 or MEp-lot. 

21. A method according to any one of Claims 14 to 20 further comprising 
administering a PDE inhibitor to the patient. 

30 
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A method according to Claim 21 wherein the PDE inhibitor is any one 
of 3-isobiiryl.l.niethyixairihine (IBMX), pentoxifylline (3,7-dihydro- 
3J^e%M<5-oxohexyl)-lH-piirine-2 s 6-dioneX rolipram (4-[3- 
cyclopenrylo^memo^henyl]-2-pyiToliomone), CP80 633, CP102 
5 995, CP76 593, Ro-20-1724 (^P-butoxy-l-inetho^benzylJ^. 

imidazolidinone), theophylline, or denbufyMme (l,3-di-n-bntyl-7-(2- 
oxopropyl)-xanthine). 

23. A method according to Claim 21 or 22 wherein the PDE inhibitor is 
10 selective for type IV PDE. 

24. A method according to Claim 23 wherein the PDE inhibitor selective 
for type IV PDE is any one of rolipram (4-[3-cyclopemyloxy-4- 
methoxyphenyl]-2-pyrroHdinoneX CP80 633, CP102 995, CP76 593, 

is Ro-20-1724 (4-[3-butoxy^-memo^benzyl]^2-iinida20lidinone), 

denbufyfline (13'di-n-bulyl-7-<2-oxopropyl>xanthineX or CDP840, 
RP73401 orRS33793. 

25. A method according to any one of Claims 14 to 24 further comprising 
20 administering the antigen or a derivative thereof to the patient 

26. A method according to any one of Claims 14 to 25 wherein one or more 

of the prostaglandin or agonist thereof, the GMCSF or derivative 

thereof, the monocyte chemotactic agent, the PDE inhibitor and the 

25 antigen or derivative thereof is administered locally at a site where 

tolerance is required. 

27. A method according to any one of Claims 14 to 26 wherein one or more 
of the prostaglandin or agonist thereof, the GMCSF or derivative 
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thereof, the monocyte chemotactic agent, the PDE inhibitor and the 
antigen or derivative thereof is administered systemically. 



28. 



A method according to Claim 27 wherein one or more of the 
5 prostaglandin or agonist thereof, the GMCSF or derivative thereof, the 

monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof is administered orally. 

29. A method according to Claim 27 wherein one or more of the 
10 prostaglandin or agonist thereof, the GMCSF or derivative thereof, the 

monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof is administered as a suppository or capsule. 



is 



30. A method according to Claim 29 wherein the suppository or capsule 
has an enteric coating for release of the one or more of the 
prostaglandin or agonist thereof, the GMCSF or derivative thereof, the 
monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof in the bowel of the patient 

20 31. A method according to Claim 27 wherein at least the GMCSF or 
derivative thereof is administered subcutaneously or intravenously. 

32. A method ae»wirding to any one of Claims 14 to 3 1 wherein any two or 
more of the prostaglandin or agonist thereof, the GMCSF or derivative 

25 thereof, the monocyte chemotactic agent, the PDE inhibitor and the 

antigen or derivative thereof are administered simultaneously. 

33. A method according to any one of Claims 14 to 32 tor combating a 
disease or condition associated with transplant rejection. 

30 
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34. A method according to Claim 33 wherein the disease or condition 
associated with transplant rejection comprises graft versus host disease 
or host versus graft disease. 

35. A method according to Claim 33 or 34 wherein one or more of the 
prostaglandin or agonist thereof the GMCSF or derivative thereof, the 
monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof is administered is administered prior to the 
transplant. 

36. A method according to any one of Claims 33 to 35 wherein the antigen 
is HLA-A2. 



37. A method according to any one of Claims 14 to 32 for treating an 
15 autoimmune disease or condition. 

38. A method according to Claim 37 wherein the autoimmune disease is 
selected from primary myxoedema, thyrotoxicosis, pernicious anaemia, 
autoimmune atrophic gastris, Addison's disease, insulin-dependent 

20 diabetes mellitus (IDDM), Goodpasture's syndrome, myasthenia gravis, 

sympathetic ophthalmia, multiple sclerosis (MS), autoimmune 
haemolytic anaemia, idiopathic leucopenia, ulcerative colitis, 
dermatomyositis, scleroderma, mixed connective tissue disease, 
rheumatoid arthritis, irritable bowel syndrome, systemic lupus 

25 erythematosus (SOLE), Hashimoto's disease, thyroiditis, Behcet's 

disease, coeliac disease/dermatitis herpetiformis, renal vasculitis and 
demyelinating disease. 

39. A method according to Claim 37 or 38 wherein the antigen is a self- 

30 
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i. A method according to any one of Claims 37 to 39, -wherein if the 
autoimmune disease is pernicious anaemia, the antigen is vitamin B12; 
if the disease is Addison's disease, the antigen is adrenal antigen; if the 
disease is 1DDM, the antigen is glutamic acid decarboxylase (GAD), 
insulin, or IA-2; if the disease is Goodpasture's syndrome or renal 
vasculitis, the antigen is renal antigen or endothelial antigen; if the 
disease is myasthenia gravis, the antigen is the acetyl choline receptor; 
if the disease is sympathetic ophthalmia, the antigen is ocular antigen; 
if the disease is multiple sclerosis CMS), the antigen is myelin basic 
protein (MBP), proteolipid protein (PLP), or myelin oligodendrocyte 
glycoprotein (MOG); if the disease is autoimmune haemolytic anaemia, 
the antigen is red cell antigen; if the disease is idiopathic leucopenia, 
the antigen is leukocyte antigen; if the disease is ulcerative colitis, the 
antigen is a food antigen or a viral antigen; if the disease is 
derraatamyositis, the antigen is smooth muscle antigen; if the disease is 
scleroderma, the antigen is a connective tissue antigen; if the disease is 
mixed connective tissue disease, the antigen is a connective tissue 
antigen; if the disease is irritable bowel syndrome, the antigen is a food 
antigen; if the disease is systemic lupus erythmatosus (SLE), the 
antigen is a histone protein or immunoglobulin heavy chain; if the 
disease is Hashimoto's disease, primary myxoedema or thyrotoxicosis, 
the antigen is thyroid antigen; if the disease is rheumatoid arthritis, the 
antigen is type II collagen ot a heat shock protein (HSP); if the disease 
is thyroiditis, the antigen is thyroglobulin; if the disease is Be&cet's 
disease, the antigen is Sag, HLA-B44, B51, or HSP65; if the disease is 
Coeliac disease/Dermatitis heipetifonnis, the antigen is gliadin or the a 
fraction thereof; and if the disease is demyeltnating disease, the antigen 
is myelin. 
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A method according to any one of Claims 14 to 32 for treating an 
allergic disease or condition in the patient. 



42, A method according to Claim 41 wherein the allergic disease or 
5 condition is allergic as thma. 

43. A method according to Claim 41 or 42, wherein the antigen is a mite 
allergen, a dust allergen, a cat allergen, a dog allergen or a horse 
allergen. 



44. A method according to any one of Claims 14 to 43, wherein the 
tolerance to the antigen is to treat an aberrant or undesired immune 
inflammatory response to the antigen in the patient. 



or 



is 45. A method according to Claim 44 wherein the aberrant or undesired 
immune or inflammatory response involves a deficiency in IL-10 
production. 



46. A composition comprising a prostaglandin or an agonist thereof and 
20 GMCSF or a derivative thereof for use in medicine. 



47. 



25 

48. 



A composition according to Claim 46 further comprising an antigen to 
which it is desired to induce tolerance in a patient or a derivative 
thereof, for use in medicine. 

A composition according to Claim 46 or 47 iurther comprising a 
monocyte chemotactic agent, for use in medicine. 



49. A composition according to any one of Claims 46 to 48 further 
30 comprising a PDE inhibitor for use in medicine. 
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50. Use of a prostaglandin or agonist thereof in the manufacture of a 
medicament for inducing tolerance to an antigen in a patient wherein 
the patient is administered GMCSP or a derivative thereof, 

5 

5h Use of GMCSF or a derivative thereof in the manufacture of a 
medicament for inducing tolerance to an antigen in a patient wherein 
the patient is administered a prostaglandin or agonist thereof. 

10 52. Use of a prostaglandin or agonist thereof and GMCSF or a derivative 
thereof in the manufacture of a medicament fear inducing tolerance to an 
antigen in a patient. 

53. Use of a prostaglandin or agonist thereof in the manufacture of a 
15 medicament for inducing tolerance to an antigen in a patient wherein 

the patient is administered GMCSF or a derivative thereof and the 
antigen or a derivative thereof. 

54. Use of GMCSF or a derivative thereof in the manufacture of a 
20 medicament for inducing tolerance to an antigen in a patient wherein 

the patient is administered a prostaglandin or agonist thereof and the 
antigen or a derivative thereof. 

55. Use of an antigen or a derivative thereof in the manufacture of a 
2S medicament for inducing tolerance to the antigen in a patient wherein 

the patient is administered a prostaglandin or agonist thereof and 
GMCSF or a derivative thereof 

56. Use of a prostaglandin or agonist thereof and GMCSF or a derivative 
30 thereof in the manufacture of a medicament for inducing tolerance to an 



10050405.: 33 -Oct- 02 03;35 | 



21/10 '02 15:31 FAX 01159552201 ERIC POTTER CLAKKSON @&73. 




68 

antigen in a patient wherein the patient is administered the antigen, or a 
derivative thereof, 



57. Use of GMCSF or a derivative thereof and an antigen or a derivative 
5 thereof in the manufacture of a medicament for inducing tolerance to 

the antigen in a patient wherein the patient is administered a 
prostaglandin or agonist thereof 

58. Use of a prostaglandin or agonist thereof and an antigen or a derivative 
10 thereof in the manufacture of a medicament for inducing tolerance to 

the antigen in a patient wherein the patient is administered GMCSF or a 
derivative thereof 



59. Use of a prostaglandin or agonist thereof GMCSF or a derivative 
15 thereof; and an antigen or a derivative thereof in the manufacture of a 

medicament for inducing tolerance to the antigen in a patient. 

60. Use according to any one of Claims 50 to 59 wherein the prostaglandin 
or agonist thereof stimulates cAMP production in a monocyte. 

20 

6 1 . Use according to any one of Claims 50 to 60 wherein the prostaglandin 
or agonist thereof is a prostaglandin E, such as prostaglandin or an 
analogue thereof, carboprost, dinoprostone, gemeprost, misoprostol, 
alprostadil, larnaprost, butapiost, 11-deoxy PGE1, AH23848, 

25 AH13205, 19-hydroxy PGE1 or a 19-hydroxy PGE. 

62. Use according to any one of Claims 50 to 61 wherein the medicament is 

for inducing tolerance to an antigen in a patient that is administered a 
monocyte chemotactiLc agent. 

30 
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5 64. 
65- 

10 

66. 
67. 

20 

69. 
70. 

25 

71. 



Use according to any one of Claims SO to 62 wherein the medicament is 
for inducing tolerance to an antigen in a patient that is administered a 
PDE inhibitor. 

Use according to any one of Claims SO to 61 wherein the medicament 
further comprises a monocyte chemotactic agent 

Use according to any one of Claims 50 to 61 and 64 wherein the 
medicament further comprises a PDE inhibitor. 

Use according to any one of Claims 50 to 65 for combating a disease or 
condition associated with transplant rejection. 

Use according to Claim 66 wherein the disease or condition associated 
with transplant rejection comprises graft versus host disease or host 
versus graft disease. 

Use according to Claim 66 or 67 wherein the medicament is for 
administration prior to the transplant. 

Use according to any one of Claims 66 to 68 wherein the antigen is 
HLA-A2. 

Use according to any one of Claims 50 to 65 for treating an 
autoimmune disease or condition. 

Use according to Claim 70 wherein the autoimmune disease is selected 
from primary myxoedema, thyrotoxicosis, pernicious anaemia, 
autoimmune atrophic gastris, Addison's disease, insulin-dependent 
diabetes tnellitus, Goodpasture^ syndrome, myasthenia gravis, 
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sympathetic ophthalmia, multiple sclerosis, autoimmune haemolytic 
anaemia, idiopathic leucopenia, ulcerative colitis, dennatomyositis, 
scleroderma, mixed connective tissue disease, rheumatoid arthritis, 
irritable bowel syndrome, systemic lupus erythematosus, Hashimoto's 
5 disease, thyroiditis, Behcet's disease, coeliac disease/dermatitis 

herpetiformis, renal vasculitis and demyelinating disease. 




72. Use according to Claim 70 or 71 wherein me antigen is a self-antigen. 

to 73. Use according to any one of Claims 70 to 72, wherein if the 
autoimmune disease is pernicious anaemia, the antigen is vitamin B J2 ; 
if the disease is Addison's disease, the antigen is adrenal antigen; if the 
disease is IDDM, the antigen is GAD, insulin, or IA-2; if the disease is 
Goodpasture's syndrome or renal vasculitis, the antigen is renal antigen 

is or endothelial antigen; if the disease is myasthenia gravis, the antigen is 

the acetyl choline receptor; if the disease is sympathetic ophthalmia, the 
antigen is ocular antigen; if the disease is MS, the antigen is MBP, PLP, 
or MOG; if the disease is autoimmune haemolytic anaemia, the antigen 
is red cell antigen; if the disease is idiopathic leucopenia, the antigen is 

50 leukocyte antigen; if the disease is ulcerative colitis, the antigen is a 

food antigen or a viral antigen; if the disease is dermatomyositis, the 
antigen is smooth muscle antigen; if the disease is scleroderma, the 
antigen is a connective tissue antigen; if the disease is mixed connective 
tissue disease, the antigen is a connective tissue antigen; if the disease 

25 is irritable bowel syndrome, the antigen is a food antigen; if the disease 

is SLE, the antigen is a histone protein or immunoglobulin heavy chain; 
if the disease is Hashimoto's disease, primary myxoedema or 
thyrotoxicosis, the antigen is thyroid antigen; if the disease is 
rheumatoid arthritis, the antigen is type n collagen or an HSP; if the 

10 disease' is thyroiditis, the antigen is fhyroglobulin; if the disease is 
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Behcet's disease, the antigen is Sag, HLA-B44, B51, orHSP65; if the 
disease is Coeliac disease/Dermatitis herpetiformis the antigen is 
gliadin or the a fraction thereof; and if the disease is demyelinating 
disease, the antigen is myelin. 

5 

74. Use according to any one of Claims 50 to 65 for treating an allergic 
disease or condition in the patient. 

75. Use according to Claim 74 wherein the allergic disease or condition is 
i o allergic asthma. 

76. Use according to Claim 74 or 75, wherein antigen is a mite allergen, a 
dust allergen, a cat allergen, a dog allergen or a horse allergen. 

is 77. Use according to any one of Claims 50 to 76 wherein the tolerance to 
the antigen is to treat an aberrant or undesired immune or inflammatory 
response to the antigen in the patient. 

78. Use according to Claim 77 wherein the aberrant or undesired immune 
20 or inflammatory response involves a deficiency in IL- 10 production. 

79- A therapeutic system for inducing tolerance to an antigen in a patient, 
the system comprising a prostaglandin or agonist thereof and GMCKF 
or a derivative thereof. 

25 

80. A therapeutic system according to Claim 79 wherein the prostaglandin 
or agonist thereof stimulates cAMP production in a monocyte. 

81. A therapeutic system according to Claim 79 or 80 wherein the 
30 prostaglandin or agonist thereof is a prostaglandin E, such as 
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10 



15 



20 



prostaglandin Ez or an analogue thereof, dinoprostone, geraeprost, 
misoprostol, aiprostadtt, Hmaprost, Vutaprost, ll-deojy PGEl, 
AH23848, AH13205, or a 19-hydxoxy PGE. 

82. A therapeutic system according to any one of Claims 79 to 81 wherein 
the GMCSF is 

83. A therapeutic system according to any one of Claims 79 to 82 further 
comprising an antigen to which it is desired to induce tolerance in a 
patient or a derivative thereof. 

84. A therapeutic system according to any one of Claims 79 to 83 further 
comprising a monocyte chemotactic agent. 

85. A therapeutic Systran according to Claim 84 wherein the monocyte 
chemotactic agent is MCP-1 or MEM a. 

86. A therapeutic system according to any one of Claims 79 to 85 further 
comprising a PDE inhibitor. 

87. A therapeutic system according to Claim 86 wherein the PDE inhibitor 
is any one of 3-tsobutyl-l-methyIxanthine (TBMX), pentadfylline (3,7- 
dihydro-3 ,7-^emyl-H5^ohe^l)-lH-purine-2 5 6-dione), rolipram 
(4-[3^clopeiityloxy^metlox^heayI]-2-pyrroKdinone>, CP80 633, 
CP102 995, CP76 593, Ro-20-1724 (4-[3-butoxy-4-methoxyben2yl]-2- 
imidazolidinone), theophylline, or denbufylHne (1,3 -di-n-buty I-7-<2~ 
oxopropy l)-xanthine) . 



88. 

30 



A therapeutic system according to Claim 86 or 87 wherein the PDE 
inhibitor is selective for type IV PDE. 
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89. A therapeutic system according to Claim 88 wherein the PDB inhibitor 
selective for type IV PDE is any one of rolipram (4-[3-cycIopentyloxy- 
4-metho^henyl]-2-pyxrolidinorieX CP80 633, CP 102 995, CP76 593, 



denbufylline (l,3-di-n-tm^l^7-(2^opropyl>xaiitiw or CDP840, 
RP734QlorRS33793. 

90. A therapeutic system according to any one of Claims 79 to 89 wherein 
one or more of the prostaglandin or agonist thereof, the GMCSF or 
derivative thereof; the monocyte chemotactic agents the PDE inhibitor 
and the antigen or derivative thereof is in a preparation for 
administration locally at a site where tolerance is required. 

91. A therapeutic system according to any one of Claims 79 to 89 wherein 
one or more of the prostaglandin or agonist thereof; the GMCSF or 
derivative thereof, the monocyte chemotactic agent, the PDE inhibitor 
and the antigen or derivative thereof is in a preparation for systemic 
administration. 

92. A therapeutic system according to Claim 91 wherein one or more of the 
prostaglandin or agonist thereof; the GMCSF or derivative thereof, the 
monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof is in a preparation for oral administration. 

93* A therapeutic system according to Claim 91 wherein one or more of the 
prostaglandin or agonist thereof the GMCSF or derivative thereof, the 
monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof is formulated as a suppository or capsule. 



Ro-20-1724 



(4-[3-butaxy^mefoo:^ben 
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94. A therapeutic system according to Claim 93 wherein the suppository or 
capsule has an enteric coating for release of the one or more of the 
prostaglandin or agonist thereof; the GMCSF or derivative thereof; the 
monocyte chemotactic agent, the PDE inhibitor and the antigen or 
derivative thereof in the bowel of the patient 

95. A therapeutic system according to Claim 91 wherein at least the 
GMCSF or derivative thereof is formulated for subcutaneous or 
intravenous administration. 

96. A therapeutic system according to any one of Claims 79 to 95 for 
combating a disease or condition associated with transplant rejection. 

97. A therapeutic system according to Claim 96 wherein the disease or" 
condition associated with transplant rejection comprises graft versus 
host disease or host versus graft disease. 

98. A therapeutic system according to Claim 96 or 97 wherein one or more 
of the prostaglandin or agonist thereof, the GMCSF or derivative 
thereof; the monocyte chemotactic agent, the PDE inhibitor and the 
antigen or derivative thereof are for admimstration prior to the 
transplant. 

99. A therapeutic system according to any one of Claims 96 to 98 wherein 
the antigen is HLA-A2. 

100. A therapeutic system according to any one of Claims 79 to 95 for 
treating an autoimmune disease or condition. 
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101. A therapeutic system according to Claim 100 wherein the autoimmune 
disease is selected from primary myxoedema, thyrotoxicosis pernicious 
anaemia, autoimmune atrophic gastrin Addison's disease, insulin- 
dependent diabetes mellitus (TDDM), Goodpasture's syndrome, 
5 myasthenia gravis, sympathetic ophthalmia, multiple sclerosis (MS), 

autoimmune haemolytic anaemia, idiopathic leucopenia^ ulcerative 
colitis, dennatomyositisj scleroderma, mixed connective tissue disease, 
rheumatoid arthritis, irritable bowel syndrome, systemic lupus 
erythematosus (SUE), Hashimoto's " disease, thyroiditis, Behcet's 
io disease, coeliac dis ease/ derma titi s herpetiformis, renal vasculitis and 

demyelinating disease. 

102* A therapeutic system according to Claim 100 or 101 wherein the 
antigen is a self-antigen. 

15 

103. A therapeutic system according to any one of Claims 100 to 102, 
wherein if the autoimmune disease is pernicious anaemia, the antigen is 
vitamin B12; if the disease is Addison's disease, the antigen is adrenal 
antigen; if the disease is IDDM, the antigen is GAD, insulin, or IA-2; if 

20 the disease is Goodpasture's syndrome or renal vasculitis, the antigen is 

renal antigen or endothelial antigen; if the disease is myasthenia gravis, 
the antigen is the acetyl choline receptor; if the disease is sympathetic 
ophthalmia, the antigen is ocular antigen; if Hie disease is MS, the 
antigen is MBP, PLP, or MOG; if the disease is autoimmune 

25 haemolytic anaemia, due antigen is red cell antigen; if the disease is 

idiopathic leucopenia, the antigen is leukocyte antigen; if the disease is 
ulcerative colitis, the antigen is a food antigen or a viral antigen; if Che 
disease is dermatomyositis, the antigen is smooth muscle antigen; if the 
disease is scleroderma, the antigen is a connective tissue antigen; if the 

30 disease is mixed connective tissue disease, the antigen is a connective 
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tissue antigen; if the disease is irritable bowel syndrome, the antigen is 
a food antigen; if the disease is SLE, the antigen is a histone protein or 
immunoglobulin heavy chain; if the disease is Hashimoto's disease, 
primary myxoedema or thyrotoxicosis, the antigen is thyroid antigen; if 
5 the disease is rheumatoid arthritis, the antigen is type H collagen or an 

HSP; if Hie disease is thyroiditis, the, antigen is myroglobulin; if the 
disease is Behcet's disease, the antigen is Sag, HLA-B44, B51, or 
HSP65- if the disease is Coeliac disease/Dermatitis herpetiformis, the 
antigen is gliadin or the a traction thereof; and if the disease is 
10 demyelinating disease, the antigen is myelin. 

104. A therapeutic system according to any one of Claims 79 to 95 for 
treating an allergic disease or condition in the patient 

15 105. A therapeutic system according to Claim 104 wherein the allergic 
disease or condition is allergic asthma. 

106. A therapeutic system according to Claim 104 or 105, wherein the 
antigen is a mite allergen, a dust allergen, a cat allergen, a dog allergen 
20 or a horse allergen. 



107. A therapeutic system according to any one of C laims 79 to 106, 
wherein the tolerance to the antigen is to treat an aberrant or uadesircd 
immune or inflammatory response to the antigen in the patient. 

108. A therapeutic system according to Claim 107 wherein the aberrant or 
undeshred immune or inflammato ry response involves a deficiency in 
IL-10 production. 
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109. Any novel method of inducing tolerance to an antigen in a patient as 
herein described. 

110. A method of stimulating or enhancing granulysin expression ir cells of 
the macrophage/monocyte lineage comprising administering to the cells 
prostaglandin or an agonist thereof and GMCSF or a derivative [thereof. 



116. 



111- A method of treating a viral infection in a patient co; 
administering to the patient a prostaglandin or an agonist 
GMCSF or a derivative thereof. 



apprising 
and 



thereof 



112. A method according to Claim HI wherein the viral infection is a 
herpes simplex virus infection or a human papilloma virus infecjtion. 

113. A method according to Claim 112 wherein the hopes simplex virus 
infection is a cold sore. 

114. A method according to Claim 1 12 wherein the human papilloma virus 
infection is a wart* 

115. A method of stimulating or enhancing IL-10 expression in, and 
secretion from, cells of the macrophage/monocyte lineage comprising 
administering to the cells a prostaglandin or an agonist thereof and 
GMCSF or a derivative thereof. 



administer! 



A method of treating a tumour in a patient comprising a 
the patient prostaglandin or an agonist thereof and GMC$F 
derivative thereof. 



ing to 
or a 
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117. A method according to any one of Claims 110 to 116 
comprising administering a monocyte chemotactio agent. 

118. A method according to any one of C laims 110 to 117 
5 comprising adininistering a PBE inhibitor. 



@063j 



further 



further 
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ABSTRACT 

COMPOSITIONS AND METHODS OF THERAPY 

A method of inducing tolerance to an antigen in a patient, the method 
comprising administering to the patient a prostaglandin or an agonist thereof 
and GMCSF or a derivative thereof. Preferably, the prostaglandin 01 agonist 
thereof is one that stimulates cAMP production in a monocyte. Option ally, the 
antigen to which it is desired to induce tolerance, or a derivative thereof, may 
also be administered. 
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FIGURE 1 A 



Human GMCSF cDNA. Genbank Accession No. NM 000758 



1 gctggaggat gtggstgcag 



agcctgctgc 



tcttgggcac tgtggcctgc 



agcatctctg 



61 cacccgcccg ctcgcccagc cccagcacgc agccetggga gcatgtgaa* gccatccagg 
121 aggcccggcg tctcctgaae ctgagtagag acactgctgc tgagatgaat gaaacagtag 
181 aagtcatetc agaaatgttt gacctccagg agccgacctg cctacagacc cgcctggagc 
241 tgcacaagca gggcctgcgg ggcagcctca ccaagctcaa gggccccttg accatgatgg 
301 ccagccacta caagcagcac tgccctceaa ccccggaaac ttcctgfcgca acccagacta 
351 tca«rtttga aagtttcaaa gagaacctga aggactttcc gcttgtcatc ccctttgact 
421 gctgggagcc agtccaggag tgagaccggc cagatgaggc tggccaagce ggggagctgc 
481 tctctcatga aacaagagct agaaactcag gatggtcatc ttggagggac caaggggtgg 
541 gccacagcca tggtgggagfc ggcctggacc tgccctgggc cacacstgacc ctgatacagg 
601 catggcagaa gaatgggaat attttatact gacagaaatc agtaatattrt atatatttat 
B€l atttttaaaa tatttattta tttatttatt taagttcata ttccatattt attcaagatg 
721 ttttaccgta ataattatta ttaaaaatat gctrct 



1 MWLQSLLLLG TVACSX5APA RSPSPSTQPW EHVNAlQ£ftJR RIXfl&SRDTA AEMNETVBVI 
61 SEMFDLQEM CLQTRLELYK QGLRGSLTKL KGPliTMMASH YKQHCPPTPE T5CATQTJTF 
121 ESFKENLKDF IiLV I P FDCOTE PVQE 



FIGURE IB 



Human GMCSF polypeptide. Geribank Accession No. NM_000758 
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FIGURE 2 



Changes in gene expression in PGE+ GMCSP phenofype 
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FIGURE 3 



Message 48 hours after treatment 
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FIGURE 4 



IL-10 release after 4hour 
treatment and 20 hours culture 




Control GMCSF PGE 1jjM PGE+GM 
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